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@ Many new sizes and products . . . larger, 
easier-reading type ... improved tab indexing .. . 
handy, pocket size . . . mechanical binding, and a 
host of other time-saving features make this new 
blue and grey Ryerson Stock List the most helpful 
guide for every steel buyer. 

The wide range of Certified Steel products 
listed in the new Ryerson Stock List includes more 
than 1500 new kinds, shapes and sizes added to 
Ryerson stocks — many of them special analyses 
in demand for airplane construction and other 
exacting defense requirements. 

Make this new Ryerson Stock List your 
guide to every steel requirement. If you have not 
received your copy, write the nearest Ryerson plant. 

Joseph T. Ryerson & Son, Inc. Steel-Service 
Plants at: Chicago, Milwaukee, St. Louis, 
Cincinnati, Detroit, Cleveland, Buffalo, Boston, 
Philadelphia, Jersey City. 
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CRITICAL POINTS 


By The Editor 


(TH Ronerr AM™MoN visited the new elec- 
WwW trolytic zinc plant of American Zinc, 
Lead & Smelting Co. (of which he is chief metal- 
lurgist) at Monsanto, just over the river from St. 
Louis. Except for the motor-generator sets, all 
the buildings of the old Evans-Wallower refin- 
ery were stripped of their equipment, rusting for 
len vears, and a complete new plant installed 
in about five months, capable of making about 
17,000 tons of slab zine per year, and boosting 
the number of American electrolytic zine plants 
to four. Association with a nearby smelter and 
oxide plant enables this new one to sidestep 
some difficult problems faced 
by others that must be self- 


America’s 

sufficient; consequently the 
Hlectrol ytic leaching and purification sys- 
Jinc Plant tems may be reduced to these 


bare essentials: (1) Leach, (2) 
separate solids, (3) purify solution, (4) final 
filtration. .... In the first step, roasted calcines 
are leached in a minimum of spent electrolyte 
plus acid, the slurry eventually reaching a sub- 
stantially neutral condition wherein iron sul- 
phate and added manganese dioxide eliminate 
the arsenic and antimony as basic iron salts. 
hese leach tanks are agitated by means of 
revolving paddles. Although a single leach 
(does not get all the zine, much of the insoluble 
is contained in coarse solids which are sepa- 
rated in a drag classifier, and these unwashed 
sands are sent back to the zine oxide plant and 
mixed with the furnace charge. Fine solids in 
the spigot discharge from Dorr thickeners are 


liltered, the filter cake (which contains all the 
lead sulphate and is destined for smelting) is 
‘ashec just enough to balance cost of evaporat- 


Ing Water against unrecovered zinc sul- 
phate . Available concentrates from foreign 
and « Stic sources are chosen so as to exclude 
those laining such pests as cobali and ger- 
ins the calcine sent to this plant is also 
OW 


n and silica, to control the voluminous 


gelatinous precipitate when the clarified solu- 
tion is purified by adding zine dust. Copper 
and cadmium are thrown down in the final 
purification tank and filtered off, the clear fil- 
trate being then ready for the electrolytic cells 
and the sludge ready for furnacing to recover 
its contained values. Owing to choice of suitable 
concentrates, some special final purifications are 
unnecessary to get 99.99 zine from the elec- 
trolytic deposit. .... The cell-room is a model; 
solutions are cascaded through water-cooled, 
lead-lined tanks of concrete, six in series, to 
use currents of low density. Insoluble anodes 
(lead plus 1° silver) and aluminum cathodes 
are used; from the latter the zinc is stripped 
daily, washed, melted in a small reverberatory, 
and ladled out into slab molds. Owing to the 
limited capacity of the old electrical equipment, 
unusually massive copper bus-bars are installed, 
and every other precaution taken to reduce 


voltage losses. 


TALKING with Norman Srorz, metallurgical 
engineer of Universal-Cyclops Steel Corp., 
about problems in toolsteel hardening without 
soft skin, and he told the story of how a hard- 
ener in a small plant in Illinois some years ago 
came to a correct conclusion by a non sequitor, 
to wit: If a copper paint will stop off carburiz- 
ing, the passage of carbon from outside to in, 
it ought to do the opposite, that is, prevent soft 
skin. He tried it and it worked just as well as 

borax, which melted, dripped off 
Dopes to the tool, and was hard on his car- 
Prevent borundum furnace hearth. 
Decarb Why copper paint does work in 

both cases is no metallurgical 
mystery, for the copper film, like a Nazi border 
guard, unquestionably halts any passage. It 
cares not whether the carbon comes from the 
methane gas on one side or from solid cement- 
ite on the other. No passage for carbon! How- 
ever, the furnace conditions when carburizing 
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and when hardening are radically different, and 
the copper may lose its integrity. One atmos- 
phere is not so hot and carburizing, the other 
hotter and decarburizing —- else why take any 
trouble? The casehardening temperature is 
below the melting point of copper and the hard- 
ening of high speed steel is as far above, and 
often oxidizing. To those who have not vet got 
a real protective atmosphere and do not like a 
thin solution of borax, well drained, these pre- 
pared “stop-offs” are often useful. Seemingly 
suspensions of powdered chromium compounds 
(or oxides?) in water glass also work fairly 
wel', and avoid the chance that copper in a 
non-oxidizing atmosphere will melt, alloy with 
the surface and even embrittle by penetrating 
the grain boundaries. (Has anyone tried to 
spray the copper on with a metalizing gun?) 

... PS. Srorz and other metallurgists who 
have seen these notes say there are some difli- 
culties with the copper paint: (a) It is not too 
easy to get off. (b) Too little of it and you get 
soft spots; too much and you may blister a 
fine tool. 


CoMES Now a note concerning the advan- 
tages of a thick and adherent (but porous and 
corrosion resistant) tough chromium plate for 
stopping wear in air-engine cylinders — porous 
because it must give some anchor for the oil 
film, and corrosion resistant because much 
“wear” is caused by chemical reaction. One 
part of the problem is to get a strongly coherent 
and adherent plate, for a cylinder liner in an 
air-cooled engine is not just a liner, but its 
'.-in. thickness must also resist the explosive 
force of the gas. Any fragments of hard chro- 
mium broken off would be emery in the oil. 
Reports are that a successful method of making 
such a thick, dull plate has been developed by 
a Hollander, Henprik VAN per Horst, and exten- 

sively used for lining diesel cyl- 


Porous inders in England. The process 
Cr-Plate is now being applied in America 
Cylinder (at least experimentally) to small 
Linings sized air engine cylinders and 

some varieties of piston rings. .... 


Patt Lane of Muskegon Piston Ring Co. tells me 
that the relative wear resistance of very hard 
surfaces (like chromium plate and nitrided 
steel) and softer ones like hardened alloy steels 
cannot be readily stated. Much depends on sur- 
face smoothness and mounting of the rubbing 
parts. Strangely enough, extreme smoothness 
is likely to involve considerable “blow-by” and 


large oil consumption for a long bre 


g-1n 
period. Likewise a surface that does no wea, 
has no “gasket action”, or ability to adju — itsey 
to permanent size changes and bore cor {igns 
due to heat or mechanical stresses. A ptgjp 
degree of roughness and a certain (bu) slow) 
rate of wear seem to be essential for | \prec 
functioning of piston rings against the |inder 
wall. Furthermore, the expected life o: over. 
haul period of the engine is worthy of consid- 
eration; if a combination that is good (or thy 
minimum 5000 hr. can be more readily and 


quickly manufactured than another combina- 
tion that does not wear at all, the former would 
be approved for mass production in the presen 
emergency. 


Cuasep myself around in a circle trying to 
find out how much tungsten exists in the Govy- 
ernment stockpiles, in order to get a complet 
statement of our present resources in this essen- 
tial metal. Armed with a letter from Jess: 
Jones, administrator of the Federal Loa 
Agency, confirming published figures of hold- 
ings by Metals Reserve Co., visited the Procur 
ment Division of the Treasury Departmen 
which had been authorized to acquire tungstei 
in a law passed in 1939 and required by tha! 
same law to report transactions annually | 
Congress. It was no trouble to see the tungste: 
man in Procurement, but he flashed a regula- 
tion preventing any disclosure of informatio: 
without an order signed by Mr. Morcenriat, 
and suggested a call at the Information Servic 

in the Treasury Building. Taxied 


A Deep over there only to draw a blank: 
Dark the obliging clerk said Mr. kxyvo- 
Secret sEN’s Office of Production Manage- 


ment had the figures. Enroute. 
stopped by the Bureau of Mines, and the slatis- 
tician was uncertain whether the difference 
between receipts and American consumpt0! 
measured the stockpile, because the Bureats 
figures for imports come from the Custom 
House, and he was uncertain whether imports 


by the Treasury would require payment o! dul 
and so be reported. Continuing on to OP” 
found that the figures could not be re‘easee 
without permission from the Procureme!! 
sion of the Treasury, and I was back to whe! 


I started! .....A final source of inf 
even a year old was closed, for the B 
the Secretary of the Treasury to Con 
the vear ending June 30, 1910 was n 
found, even in the Library of Congres 
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T OUBLES WITH CRACKED METHANOL 


A AN ATMOSPHERE 


FOR HEAT TREATING 


By E. C. Roglin 


The Hoover Company 
North Canton, Ohio 


ITHIN the last few years a considerable 

number of atmospheres have been devel- 
oped for the protection of steel during heat 
treatment. Although an almost unlimited num- 
ber of compositions are available, consideration 
of cost has limited such atmospheres to a very 
few types. The first such protective atmos- 
phere was produced by the partial combustion 
of hydrocarbons, principally methane (natural 
gas), propane or butane, originally piped directly 
from generator to furnace, but later treated for 
the removal first of water and then of carbon 
dioxide. The most recent generators of this type 
will permit almost perfect combustion and 
nearly completely remove the water and carbon 


dioxide, and so produce an atmosphere of over 
WoO nitrogen, 


\nother type of atmosphere is produced by 


combining the oxygen in the air with carbon, 
either in a carbonaceous muffle or in a charcoal 
as erator, to provide an atmosphere high 
! gen and carbon monoxide but with at 
leas ices of hydrogen and methane. In the 
Mos ent generators of this type the theoreti- 
sition of 34° carbon monoxide and 
ty 


ogen, produced by the perfect combus- 
air and carbon, can be approached. 


Equipments for forming and purifying protec- 
tive atmospheres were described in Merat 
ProGcress last month by Messrs. Stowrer and 
GONSER. 

The third type of atmosphere is produced 
by cracking or dissociation of certain chemical 
compounds — such as hydrocarbons, alcohols 
and anhydrous ammonia. Such atmospheres, 
where practical, are of interest’ primarily 
because of their easy control and because the 
small investment in generating equipment would 
permit their use on small furnaces used intermit- 
tently. Among the numerous chemicals suggested 
and tested for this purpose is wood alcohol or 
methanol (CH,OH). B. W. Gonser, in Metals 
and Alloys, July 1937, and Heat Treating and 
Forging, May, 1939, has published curves show- 
ing this atmosphere to be mildly decarburizing 
for short periods at 1562” F. and strongly decar- 
burizing for longer periods at 1742” F. 

Prior to the publication of Gonser’s results 
this atmosphere was tested by us at The Hoover 
Company with very erratic results. At various 
times it was tried in three different production 
furnaces (and also in the laboratory, using a 
carbon combustion furnace from an analytical 
train) at temperatures of 1550° F. and 1820° F. 
In the laboratory furnace and two production 
furnaces the atmosphere proved mildly car- 
burizing, but in the fourth large heat treating 
furnace it decarburized an S.A.E. 1015) steel 
leaving the surface almost carbon free! 


Recently some work has been done to deter- 
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mine the reason for such a wide variation in 
results, and our conclusions, published by kind 
permission of The Hoover Company, may be of 
rather general interest. 

The three production furnaces used in these 
tests were of the same type (electrically heated, 
vertical the Hevi Duty 
Electric Co.) although in one the retort was 24 


carburizers made by 
in. deep and 29 in. in diameter, and in the other 
two the retorts were smaller: 20 in. deep and 
10 in. in diameter. The retort in the large fur- 
nace and in one of the small ones was the NC-4 
alloy, 35° nickel and 15% chromium, and in 
the other small furnace it was the 60°: nickel, 
20% chromium, 20° The combus- 
tion furnace used in the laboratory had_ the 


iron alloy. 
usual small quartz tube. However, since decar- 
burization occurred in one of the NC-4 retorts 
and mild carburization in another NC-14 retort 
at the same temperature, the variation in results 
could not logically be ascribed to any catalytic 
effect of the alloy in the retorts. 

In all these preliminary trials the methano! 
was cracked in the furnace. 
That is to say, methanol was 
dripped into a pipe leading 
directly into the hot zone, 
and the only apparent differ- 
ence in the operations was 
the route by which the alco- 
hol entered the furnace. The 


Fig. 1 (Right) Large Hevi Duty 
Furnace (Without Atmosphere 
Circulation Fan) Which Decar- 
burized Steel in Methanol Atmos- 


Pheres. Fig. 2 (below) is smaller 
furnace that) produced neutral 
atmosphere from the methanol 


in Fig. 3. 
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atmosphere proved definitely decarburizing, 


To check this hypothesis, a special cracking unit was 1) 


two smaller retorts were ordinarily us for 
carburizing and were equipped with a fan si¢ 
the cover to circulate the carburizing gase Thy 
motor, mounted above the lid to operate | | fap. 
was of such a size that the pipe fro the 
methanol reservoir came down at one si: 
point below the motor, then turned at an ingle 
of about 30° to a point nearer the center «f the 
retort, where it again turned to pass veri cally 


through the lid into the retort. (See Fiy, 2) 


Under these conditions the liquid methanol 
dropped through the vertical pipe to the first 


turn, where it struck the side of the pipe and 
then flowed at a relatively slow rate down the 
the pipe to be volatilized before jt 
reached the In fact it “cracked” oy 
decomposed as the gas went along at a variety 


side of 


interior. 


of indeterminate but increasing temperatures 
as it passed through the cover. In these furnaces 
and under these conditions carbon toolstee! and 
high speed steel containing 0.75°° carbon could 
be carburized with cracked methanol. 

In the larger furnace. however, a small pip: 
the 
reservoir 


from methanol! 
was centered 
through a reducer, in ; 
pipe 
which passed directly 
the 
(See 


these 


larger vertical 
furnace 
Fig. 1.) 


conditions 


through 
cover. 
Under 
the methanol dropped. 
as a liquid, directly int 
the hot 
vaporized and cracked 


retort and was 
substantially at one tem 
perature, the heat trea! 
ing temperature, (Sle 
samples placed direct! 
under this tube, admi! 
ting the methanol, bor 
a stain showing 
the liquid landed.) | 
this larger furnace ti 


— 


methan' 


especially at 


cracked 


higher temperature of 1820° F. 


From these facts it was believed that the cracking temper 
ture was the principal factor in determining the nature o! [ 
atmosphere, whether carburizing or decarburizing. 

Hyg 


in a separate furnace where the cracking temperature co ld } 
accurately measured and controlled. The test equipment iy 10% 

This cracking unit was nothing but a small reto! M 
whose tightly fitting lid had three openings — one for a pyr 10! 
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Fig. 3 Test Unit Where Methanol Could Be Cracked 
Known Temperature (Right) and the Resulting 
Gas Used for Atmosphere in Tube Furnace on Table 


nother for the entrance of liquid methanol, and 
the third for the exit of the volatilized products. 
fhe retort could be lowered into a heated tube 
furnace, adjusted so the methanol supply tube 
was exactly vertical, and remain quiescent until 
the temperature reached that desired for the 
lestand remained steady. Thereupon methanol 
was dripped in through a sight oiler, borrowed 
from the engine room. Cracked gas was led 
through glass wool and then into the test furnace 
containing steel samples, gradually replacing the 
ur Thereupon the temperature in the test fur- 
ace Was raised to heat treating temperature for 
the desired period, then cooled and the steel 
iriicles removed and their surface conditions 
determined. The metal parts of this test unit 
vere also of the NC-4 alloy (38547 Ni, 15° Cr). 
vas found by operating this test unit at 
Vari lemperatures that methanol began to 
crack below 500° F., but a condenser in the dis- 
charge line of the unit indicated that the crack- 
g change to gases whose boiling points 
low tap water temperature) was not 
below about 1400° F. Analysis of the 
ed showed the following range of com- 

posit H 43.1 to 66.5 

CH, 228.9t0 2.5% 

CO 6.2 to 32.5% 

CO, 19.1 to 0.15% 
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No determination of moisture was made, 
but the condenser (not shown in Fig. 2) held at 
32° F. would have maintained a dew point of 
not over 40 to 42° F. if any water had been 
formed. With such a wide variation in the com- 
position of the atmospheres produced by crack- 
ing methanol at various temperatures between 
200 and 1400° F, the corresponding variation in 
the results of using such atmospheres is readily 
understood. 

A few of the atmospheres created in this 
cracking unit operating at definite temperatures 
were then used for heat treating atmospheres in 
a laboratory tube furnace. The heating com- 
partment in this furnace was 3 in. in diameter 
and 18 in. long; its tube was of NC-1 alloy. 
Three types of steel were used: S.A.F. 1015, a 
carbon toolsteel with 0.75°° carbon, and an alloy 
die casting die steel with 0.35°° carbon. In all 
tests all samples remained scale free, but were 
slightly stained or discolored. This finish, 
though satisfactory for tools and dies, would 
not be a truly bright hardening for parts where 
appearance is an important factor. 

The effect of these atmospheres on the car- 
bon content was much more variable than this 
non-scaling effect. When held 16 hr. at 1820° F. 
in methanol cracked at 1820° F., all three steels 
were badly decarburized. The depth of the 
decarburized area on the die steel was about 
0.063 in.; step tests for carbon ranged from 
0.07. for the first 0.005 in. to 0.305) at 0.040 to 
0.045 in. with 0.386% at the center of the piece. 
Carbon analyses were not carried to the full 
depth of the decarburized area; the depth was 
measured microscopically and a change of about 
0.02°¢ carbon is readily observed. 

When the cracking temperature was 
dropped to 1550° F. and the specimens held fo 
36 hr. at 1820° F., the toolsteel was decarburized 
while the die steel and the S.A.E. 1015 were car- 
burized. The carbon content at the surface of 
all three pieces was estimated at O40 to 0.50°°. 
(While a carbon difference of 0.02 may be 
visible microscopically, the actual carbon con- 
fent cannot be estimated visually with the same 
accuracy.) 

The atmosphere produced by cracking the 
methanol at 1590 to 1600° F. proved to be almost 
balanced (neutral) for the die steel at 1820° F. 
There was a slight carbon pick-up, but the car- 
burized case as observed in the microscope was 
only about 0.002 in. deep after 48 hr. at heat. 
Carburization at this rate would be unnoticeable 
after normal heat treating periods. 
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This atmosphere possibly was at equilib- 
rium with austenite containing 0.35 to OA0O% 
carbon at 1820° F., for the 1015 steel was car- 
burized and the 0.75‘: carbon toolsteel decar- 
burized in the same heat. However when the 
heat treating temperature was reduced to 1550° 
F. the carburizing action of this atmosphere 
formed at 1600" F. was greatly increased. The 
carburized surface became about 0.035 in. deep 
on the die steel. The reason for this is not 
known. Ordinarily we expect the speed of car- 
burization or decarburization to increase as the 
temperature is raised, but in a mixed atmos- 
phere containing both carburizing and decar- 
burizing constituents the reaction rate for one 
may increase more rapidly than for others, or 
the constituents of the atmosphere may react 
among themselves at one temperature and not 
at the other. 

Of the many atmospheres available from the 
cracking of methanol only a few have been 
tested by us, and these few were tried on only 
three steels and at two heat treating tempera- 
tures. None of these proved balanced to any 
of the steels at 1550° F. and only one was bal- 
anced for one steel at 1820° F. However, these 
rather limited experiments have demonstrated 
that with a separate cracking unit in which the 
cracking conditions could be controlled and 
duplicated, atmospheres of cracked methanol 
can be produced in which in one case the surface 
carbon of a die steel was reduced from 0.36% to 
0.07°°, in another case a high speed drill rod 
showed a carbon pick-up of ten points, and in a 
third case a 0.32% carbon die steel was 
unchanged after 48 hr. at heat. it seems prob- 
able, therefore, that such atmospheres could be 
adjusted to various steels at their different heat 
treating temperature, although such adjustment 
will vary both with the carbon content and the 
heat treating temperature. these experi- 
ments, the only control necessary was the crack- 
ing temperature; fortunately heat treating 
temperatures can be very accurately measured 
and easily controlled. 

The important conclusion to be drawn from 
this investigation is the necessity of producing 
any atmosphere for heat treatment under 
definitely controlled and readily reproducible 
conditions. It is doubtful if this can be done in 
the heat treating furnace itself for, as mentioned 
earlier, a slight change in the method of admit- 
ting the methanol to the heat treating retort 
changed the atmosphere produced from mildly 
carburizing to strongly decarburizing. S 


CAUSTIC 
EMBRITTLEMEN? 


T IS UNDERSTOOD that all raw waters ro jyire 

some chemical conditioning before be: ning 
suitable boiler feed, but one type of water which 
has heretofore escaped being classified in the 
unsuitable category is very soft water contsining 
relatively high sodium carbonate. The sodium 
carbonate is converted to caustic soda by heat and 
no steel suitable for boiler plate has been discoy- 
ered which will in itself resist the embrittling effect 
of caustic. 

It has long been known, and has been con- 
firmed by many laboratory tests, that sodium sul- 
phate if present in sufficient quantity serves as a 
protective agent against sodium hydroxide, and 
modern boiler practice prescribes the maintenance 
of a correct ratio of sulphate to hydroxide or car- 
bonate (these two being taken as equivalent) which 
increases as the working pressure becomes higher 
Phosphates have also been recommended, but bad 
results have sometimes followed. Other salts als 
retard attack, especially those which are strong 
oxidizing agents, such as chromates and permanga- 
nates. On the other hand, when specimens of ste 
were tested under stress at temperatures near | 
100° C.—— that is, in the absence of external pres- 
sure these oxidizing agents actually behaved as 
accelerators. Several other compounds behaved t 
the same way. 

According to G. T. ATHAVALE there are thre 
types of cracks which may occur in boilers: 

1. Corrosion fatigue cracks, resulting fron 
electrochemical processes accelerated by Cl, NO 
or $O”,. They follow the lines of stress withou! 
regard to grain boundaries. 

2. Ordinary fatigue cracks, caused purely by 
mechanical stress and following an intracrystallin 
path. 

3. “Brittleness cracks”, recognized by thet! 
intererystalline path. These are the resuil 
caustic embrittlement. 

Caustic embrittlement requires the sim 
ous presence of alkaline liquid and mec! 
stress (probably up to the yield point of the 
The immediate cause is held to be hyd: s 
absorption. Hydrogen is formed (Cont, on 


*Caustic Embrittlement of Steam Boilers, ! ‘9 


Cazort, Jr., Refiner & Natural Gasoline Manu 
vol. 19, May 1940, page 156. 

Intererystalline Cracking in Boiler Plates, 
Desch, The Engineer, March 31, 1939, page 41° 


Caustic Embritthement of Boiler Plate, 7 
lurgist, April 28, 1939, page 17. 
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ALC TOMOBILES 


By Harold §S. Austin 


Foundry Metallurgist 
Buick Motor Division 
General Motors; Flint, Michigan 


. RODUCTION of Automotive Castings” was 
the title of an article in December 19140 
Merat Progress, wherein the present writer out- 
lined the metallurgical problems of melting, 
casting, and heat treating the various classes of 
vray and malleable iron, Considerable attention 
was given to piston rings, since their successful 
production requires an unusual degree of metal, 
melting and molding control. This second arti- 
cle will discuss other types of irons used in con- 
siderable quantity. 
lwenty vears ago, or even less, the stand- 
ards of quality for automotive cast iron were not 
established and knowledge was limited. Since 
that time much study has been devoted to the 
subject and, with research and practical experi- 
enee, considerable knowledge has been obtained 
in regard to the characteristics of automotive 
east rons and their relation to the service record 


of the casting. This has led to the fixing of 
standards which have proven their value in a 
very substantial way. Even so, there still exists 
(Quite divergence of opinion as to the best 
vompositions, alloys and furnace mixtures to be 
used iny particular casting. The explanation 
Is 


‘cre is more than one way to arrive at 

the point. 

irons used in automotive castings may 
d into not less than six general classi- 
The requirements for many castings 
milar that naturally the classes are 


er closely related. Each may possess 


ALLOYED 


a multitude of minor modifications. <As_ the 
practices and conditions in each automobile 
plant and foundry are different, so also are the 
classifications. However, the following groups 
may be mentioned: 

Cylinder iron. 

2. Small parts iron. 

3. Heat and growth resisting iron. 

1. High test gray iron. 
>». Piston ring iron (discussed in the article 

last December ). 

6. Miscellaneous borderline compositions, 
such as used in camshafts, eylinder liners, 
valve seat inserts and crankshafts. 

1. Cylinder iron is a close fractured gray 
iron, usually alloved with chromium, nickel or 
molybdenum, or combinations of these metals, 
It is constituted to give a hardness of 185 to 
210 Brinell in the bore. Composition is usually 
held within the following limits: Total carbon 
3.10 to 340° graphitic carbon 2.50 to 2.80% 
combined carbon 0.50 to 0.70% silicon 1.80. to 
240°; manganese 0.50 to phosphorus 
0.12 to 0.20%; sulphur O10 to O12° chro- 
mium 0.10 to O.50% ; nickel 0.25 to 1.50% 
molybdenum 0.10 to 0.70%. The tensile 
strength runs from 35,000 to 40,000 psi. Twenty 
to 50° of steel scrap is usually added in cupola 
mixtures. Foundry cokes with tendencies to 
lower carbon pick-up are preferable, and chill 
depths are confined to 1, to &, in. Compositions 
similar to the above prevent annealing of the 
bores and valve seats, have a completely pearl- 
itic structure and possess excellent) wearing 
qualities. 

Castings of the following nature are gen- 
erally poured from cylinder iron: Cylinder 
blocks, evlinder heads, brake drums, cylinder 
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liners, clutch plates and flywheels. Its chief 
characteristics are good wearing qualities, 
strength, resistance to cracking, close fracture 
to prevent leaking and provide long wear, uni- 
form hardness, and freedom from segregation. 

2. Small parts iron has a slightly more 
open fracture than cylinder iron when com- 
pared in the same cross section; the composition 
is higher in carbon, silicon and phosphorus. 
The carbon is usually held within the limits 
of 3.40 to silicon 2.35 to 2.55¢° ; manga- 
nese 0.50 to ; phosphorus 0.25 to ; 
sulphur 0.08 to 0.12; nickel 0.25 to 2.00‘. 
This iron has a Brinell hardness of 150 to 175. 
The composition is very close to that of the 
eutectic with silicon of the amount generally 
present. The structural constituent princi- 
pally pearlite, and free ferrite is often present 
in locations which are subjected to annealing 
conditions during cooling after casting. It has 
a tensile strength of 28,000 to 31,000 psi. 

Silicon should be held as low as possible to 
avoid) shrink cavities. The cupola mixture 
usually contains about 10 to of. steel 
scrap, and a coke with fairly high pick-up 
should be used in melting. Chill depths are 
limited to from |, to '4 in. This iron should 
possess excellent fluidity in order to flow freely 
in thin sections, and it should also be readily 
machinable. Many of the castings are annealed 
and this iron is suitable for parts weighing from 
a few ounces to 50 Ib. Usually poured from 
this grade of iron are valve stem guides, oil 
pump bodies, water pump impellers, intake 
manifolds and transmission case covers. 

3’. Heat and growth resisting tron, as 
found in automobile, truck and bus service, is 
similar to evlinder iron, although the total car- 
bon (2.80 to 3.15°°) and silicon (1.75 to 2.00% ) 
are usually held somewhat lower, and heavier 
additions of alloys are used. 

Combinations of chromium, nickel and 
molybdenum similar to the following are often 
emploved: (a) Chromium 0.25°°, molybdenum 
0.75 to 1.250; or (b) chromium 0.50 to 1.00%, 
nickel 0.75 to 1.50%. 
difficult to machine and are usually annealed at 
1100 to 1600° F., whereupon the hardness is 200 
to 215 Brinell. 


For exceptionally severe conditions, special 


The castings are often 


compositions containing much higher percent- 
ages of chromium, nickel and copper are used. 
One of these contains about 146 of nickel, 5°. 
of copper and 2° of chromium, with 2.60) to 
3.006 carbon and 1.25 to 2.00% silicon. This 


iron is melted in the cupola with special « es 


when the higher carbon is acceptable, a; Oes 
not necessarily have to be annealed. 
lower carbon ranges electric or other | ; of 
furnaces are used. When annealing is ces. 
sary, temperatures of 1400 to 1650° F. are ally 
sufficient. 

A second composition contains abou 24 
of chromium and 1.50% of carbon. As this 
iron has a hardness of 400 Brinell. It most pe 
annealed at a temperature of 1700° F. for ecigh 


hours and cooled slowly in the furnace dow, 
to 1100° F. After annealing, the hardness js 
reduced to 280 to 300 Brinell. This low carhoy 
composition cannot be made in the cupolas 

Exhaust manifolds, cylinder blocks and lin. 
ers, truck and bus brake drums, valve seaj 
inserts, diesel engine parts, are often made from 
compositions similar to the above. 

1. High lest gray iron, as the name implies, 
possesses greater strength and impact values 
than eyvlinder iron by holding carbon lower and 


silicon generally higher. Compositions cove: 


quite a wide range: 2.00 to 3.00% carbon, 2.25 
to 3.00°° silicon, sulphur and phosphorus as low 
as possible, and 0.75 to 1.00%  manganes 
Alloys are often added when the highes! 
strength and impact values are required. Thy 
cupola is usually used when carbon ranges o! 
2.85 to 3.00 are specified, with high percentages 
of steel scrap. Nickel in amounts of 0.75 | 
and molybdenum of 0.50 to 1.00%) an 
often added, and chromium in smaller amounts 
(0.10 to 0.200%). 

Tensile strengths of these irons vary fron 
50,000 to 100,000 psi., depending on the compos 
tion, alloys added, and raw materials used, & 
well as the skill and knowledge put into th 
melting practice. Impact values are often mor 
than double that for cylinder iron. This iro! 
has a maximum modulus of elasticity of 22,000. 
000 (two-thirds that of steel), and a_highe! 
Its elastic lim! 


in both tensile and torsional test is very hig! 


damping capacity than steel. 


and compares favorably with those of 5.AJ 
1015 steel. One notable feature of this iron > 
the uniformly fine fracture and hardnes 
throughout large cross sections, 


So far, high test iron has not found wit! 


use in the automotive field, although it 


used in crankshafts for trucks and dies 
engines, and in large dies. Crankshafts ves! 
ing 1000 Ib. and more are being cast on | PF 
duction basis, and are proving very satis)!" 

ink 


In one foundry, high test gray iro! 
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Vniform Hardness of 

est Bar Attached to 
Analysis: Combined 

71%, graphitic carbon 

icon 2.26%, manganese 
ef sphorus 0.099%, sulphur 
hromium 0.02%, nickel 
molybdenum 0.99%. 

f 100,000 psi. deter- 
0.80-in. bar cut axially 
ily the weakest portion) 


satis are poured from elec- 
tric furnaces using the cold 
charging method. Great 
care is used in the selection 
of pig iron and other raw 
materials. In this particu- 
lar grade of iron, the total content of sulphur 
A strict 
schedule is observed in all details of the melting 


and phosphorus is held below 0.06‘. 


practice, in the additions of alloys, current and 
vollage factors, and tapping temperatures, 
Brinell hardness is confined to limits of 260 to 
200, and composition is adjusted for the various 
sizes of shafts to be poured. This iron requires 
no heat treatment. 

(. High silicon carbon and graphitic steels 

Fhe only justification for including such com- 
positions, for they are in no sense gray cast 
rons, is that they are being produced in auto- 
motive grav iron foundries. 

High silicon, high carbon cast steel has 
come into wide use during the past few vears, 
and no doubt will continue to increase in favor. 
lt has many of the physical characteristics of 
spring steel, and in the molten state has to be 
handled in about the same manner. As cast, if 
is hard and brittle and must be annealed for 
lour to eight hours. There is no set standard 
as to the composition and heat treatment; 
Humerous modifications may be followed with 
corresponding variations in physical properties. 
the following composition has been used exten- 
sivel Carbon 1.20 to 1.45). silicon to 


1.30) manganese 0.60 to phosphorus 
Helow O10. sulphur below 0.07, molyb- 
fentiny Heat treatment consists of heat- 


to to 1600" FL and holding for four 
at ur quenching to below 1400°, reheating 
1100° and cooling at not more than 

ir. down to 1100° FF.) This iron has a 
lens rength of 120,000 to 130,000 psi., Young's 
Of 380,000,000) to 33,000,000, elongation 
. and a hardness of 225 to 245 Brinell. 
tctural constituents are spheroidal 
and a small amount of pro-eutectoid 
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cementite. With certain 
modifications in composition 
and heat treatment, the pro- 
eutectoid cementite may be 
disintegrated into graphite. 

Certain compositions of 
these high silicon, carbon 
cast steels, containing from 
1 to 2% copper, show a black 
fracture after a short anneal, 
due to the deposition of 
graphite from pro-eutectic 
cementite. These are some- 
times referred to as “gra- 
phitic steels”. 

These irons cannot be 
melted in the cupola alone on account of the low 
carbon requirement. One very interesting set-up 
is a combination of cupola, converter and elec- 
tric furnace. By means of this arrangement, 
continuous melting is attained with a minimum 
first cost in melting equipment. The iron is first 
melted in the cupola as gray iron of suitable 
composition. A weighed amount of this iron is 
tapped from the cupola and introduced into the 
converter, and during the time consumed in 
blowing, deoxidation and addition of alloys, 
another tap of gray iron from = the cupola is 
weighed into a mixing ladle. The finished con- 
verter heat is now added to the mixing ladle; 
the converter blow has raised the temperature 
of that metal to about 3000° F. and the combina- 
tion of the converter and cupola metal has been 
so balanced that the composition is almost iden- 
tical to that finally required. The whole is then 
added to the electric furnace for superheating. 
The electric furnace is kept well filled at all 
times and, as the metal added to the electric 
furnace from the mixing ladle is practically the 
same in composition as that in the electric fur 
nace, no delay is caused in the continuous pour- 
ing of metal to the molding conveyors. This 
operation obviously requires close metallurgical 
control, Tapping temperatures are from 2000 
to 3000" 

These compositions are used in crankshatts, 
brake drums and pistons. It is very likely that 
its use will be extended to many other auto- 


motive parts, 


A Few Special Applications 


Camshafts — The cast iron automotive cam- 
shaft made its appearance a few vears ago, and 


is now used in large numbers. Several com- 
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Fig. 2 


(at 100 and 750 Diam- 
elers) of Brake Drum, 
Centrifugally Cast in 
a Permanent Mold, 


Microstructure 


Showing Desirable Form and Distribution of 
Graphitic Flakes in a Pearlitic Ground-Mass 


positions of iron are in production, many con- 
sisting of a normal gray iron base. One producer 
is using a pearlitic malleable iron. One of the 
first cast irons to be introduced and _ finding 
wide application has the following composition: 
Total carbon 3.25°7, silicon 2.25°, chromium 
1.00°°, molybdenum 0.50°, nickel 0.30°C, phos- 
phorus 0.20°° and sulphur 0.10°°. Hardness of 
this shaft is held within limits of 250 to 300 
Brinell in the body and gear. The structure is 
principally pearlitic with appreciable amounts 
of cementite. Cams are hardened to a minimum 
of Rockwell C-50 by a localized heat treatment. 
The dissipation of heat from the cam to the 
body of the shaft is sufficiently rapid to harden 
the cam. Cams are cast to a very close limit 
in size, and require a minimum amount of 
machining and grinding. 

The melting practice followed is known as 
electric furnace duplexing, in which the alloyed 
base metal is melted in a cupola and finished in 
the electric furnace. The process is continuous, 
and a very close chemical and physical control 
is practiced. Chill test and Brinell hardness 
test samples are taken at frequent intervals, as 


well as spectroscopic and chemical tests. This 


iron has a tensile strength of over 50,000 psi. a 


excellent wearing qualities. 


has 


given satisfactory service. 

Composite centrifugal brake drums present — yey, 
interesting example where the merits of steel a ast 
iron are combined to give a strong, durable cas g of 


One of the uniqus 


tures of this operation is that it may be called a). ry. 


nent mold process in which the mold becoin s ap 


integral part of the cast. 
ing. steel sta) ing, 
which is the mold and 
ultimately becomes the 
outer rim of the drum. 
is heated by electrical 
induction to approvi- 
mately 1600° quickly 
placed in the chucks of 
a centrifugal maching 
and rotation started, Ip 
the meantime a weighed 
amount of duplexed 
electric furnace iron is 
poured into an attached 
runner basin, and the 
molten iron introduced 
into the red-hot revolvy- 
ing steel stamping. A 
perfect fusion is formed between the steel and 
iron surfaces. The result is a drum with a strong 
reinforced backing of mild steel combined with 
a rigid, excellent braking surface of cast iron 
Micro-examination of the zone of fusion between 
steel and iron reveals a deep penetration of car- 
bon from the cast iron into the steel, forming 
lamellar pearlite. 

The composition of iron found to be mos! 
suitable from the standpoint of machinabilily 
and wear, and which was adopted for this drum, 
was a high carbon, moderately low silicon iron 
Carbon 3.60 to 3.705; silicon 1.90) to 2.00' 
chromium 0.15 to 0.25°. Its fracture is gray 
and extremely fine. The structure is lamella! 
pearlite. An interesting feature of this opera 
tion is the formation of slag on the inner sur 


| 


face of the iron during the spinning ane 


solidification, containing a large amount 0! 

sulphur and manganese forced from the iron )) 
the pressure of centrifugal action. 

Cylinder liners use quite a variety 0) !f! 

vilat 


compositions, although the majority are 
harder, with som whal 
The follow ym- 
hon 


to eyvlinder iron but 
lower carbon and silicon. 
position is fairly representative: Total 
3.10 to 3.25° ; combined carbon 0.60 to 
silicon 2.00 to 2.20° ; manganese 0.60 to 


) 
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5 


rus 0.25% max.; sulphur 0.12°¢ max.; 


yh 
nic 50 to 1.50% ; chromium 0.30 to 1.00% ; 
mol num 040 to 0.70%. Special composi- 
tion e also used (as mentioned under heat 
and wth resistance compositions) where 
ext ly severe conditions are encountered. 

it treated cylinder liners are in high 
favor and have the advantage of greater hard- 
yess over the “as cast” liner. The liner to be 


heat (reated is annealed, which makes it readily 
machinable; after machining it is heated to 
500° &. or higher in a neutral atmosphere and 
quenched; it is then tempered at from 400 to 
Tw” F. depending on the hardness desired, and 
sround to size. This process also is probably 
the best for removing all internal strains. 

the symmetrical shape lends itself admir- 
ably to centrifugal casting, and large numbers 
are being produced in this manner, in sand or 
permanent molds. It is usually necessary to 
anneal the latter. 

Nitrided liners are also being produced. 
lhe base iron is similar to that used in other 
sleeves. The composition, however includes 
the alloying metals aluminum, chromium and 
molybdenum in amounts of about 1.00° each. 
Vanadium may also be present. The liners 
must be heat treated and machined before 
nitriding, and ground to size as a final 
operation, 

Pistons, as a general rule, are produced 
from evlinder iron. Those which are sub- 
ject to heavier duty and to more severe 
heat conditions are sometimes made from 
heal resisting irons. Quick anneal, high 
silicon-carbon or graphitic steel pistons are 
also being produced with considerable suc- 
cess. The great strength and toughness of 
this metal in annealed castings permits 
machining to such thin sections that they 
are comparable with aluminum pistons in 
Weight, with the advantage of a much 
smaller coeflicient of expansion. 


Valve seat inserts — Valve seats, espe- 
cally on trueks and busses, are often 
severcly overheated, and valve seat inserts 
have en devised of special compositions 
lO land the service. 


eral alloys such as stellite, high 


Spee el and alloyed cast iron have been 
used h success. Cast iron inserts may 
ben of cylinder iron with addition of 
abo e of chromium; molybdenum is 
ilse 


in varying amounts from 0.5 to 
ny of the other compositions of 


highly alloved iron should also prove be very 
suitable. 


The foundry practice employed is similar 


to that in the molding of piston rings. The use 
of permanent molds is also an ideal set-up for 
their production. The iron is white in fracture 
with a hardness of more than 500° Brinell. 
Alloys are added to prevent cracking, growth 
and softening; molybdenum is especially valu- 
able on account of its strengthening effects at 
high temperatures. The inserts must be ground 
as they are too hard to machine. 

Tappets of chilled cast iron are also being 
produced in large quantities by a number of 
automobile foundries. Several different meth- 
ods are used in casting. One includes the use 
of sand cores and standard molding sand cast- 
ing practice, another uses cores and a perma- 
nent mold, while in a third foundry the standard 
molding sand practice is followed but the cores 
are eliminated, the tappet cast solid and drilled 
out. This last method is economical, and the 
tappets show a fine service record. The chilled 
cam-contact face, after grinding, receives an 
oxidizing treatment that improves the wearing 
life of the cam and eliminates scoring. The 
structure of this tappet is shown below. S$ 


Fig. 3 Cast lron Tappet, as Cast, Broken at End to 
Show Chill. Solid bar is drilled and finished outside. 
Finished tappet is cut along axis to show internal form 
and relation to chilled end. (About 50% oversize) 
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to 


steel (0.500 ©) is 
ividual molds, each ot 
jough metal for one 
sing. Ingots are 12 in. 
lomed bottom, corru- 
nad a sink head top. 


\fter the steel has solidified, 
moved from the mold. Its 
s about 1700° F. It is then 


ol for a short time before it 
Jivered to the cut-off machines, where 


bottom cut is started immediately. 


TOPPING STEEL INGOTS 


for large shell forgings 


— ACCOMPANYING photographs were taken in a Cana- 

dian plant currently engaged in the large-scale produc- 
tion of shells. They illustrate some interesting steps taken 
in the preparation of steel ingots prior to forging a 9.2-in. 
shell. Two oxy-acetylene cuts are taken soon after strip- 
ping and while the ingots are still hot; one trims the bottom 
and the second slices off the top. The photographs were 


furnished through courtesy of The Linde Air Products Co. 


(Below) The hot ingot is moved into position on a 
roller conveyor where an automatic oxy-acetylene 
cul-off machine squares up the bottom. The 
overhanging arm holding the cutting blowpipe 
is hinged at its carriage, and as the machine 
advances, a roller on the extreme end of the arm 
rides over a curved track, allowing the blowpipe 
to follow the contour at the bottom of the ingot 


pou 
921 
| 
| 
. 


Close-up of first cutt Opera. 
tion. The notched ¢ ane) 
the central foregrounc uppor, 


the stop bar and r rs for 


aligning the ingot. en th, 
cul is completed, the | got wy; 
pass on to the nex’ cutting 
operation. The cury | guid 


track for keeping the cutting 
tip at the correct evatir 
(shown in the upper righ 
hand corner of the picture) 
high enough to clear the ingo 


After the ingot is bottom cropped it is convey 


This group of ingots shows the qual- to a second cut-off machine where the sk he 
ity of cuts obtained in the bottom is topped. The temperature of the ste: duri 
cropping operation, and also reveals this second cut is still between 1100 and 125"! 


perfectly sound metal. Each of 
these cuts requires 23 cu.ft. of 
oxygen and is completed in 86 sec. 
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The cut-off machine used for the second cutting 
operation is slightly different in design from the 
first; it has a follower roller that rides the ingot 
surface, following the corrugations as the blow- 
pipe moves forward, thus keeping the cutting 
nozzle the proper distance from the work 
regardless of surface contour. When the ingot 
is in position for the second cutting operation 
it is tilted at an angle of approximately 30° to 
facilitate starting the cut and to insure clean 
finishes. This short movable section of the con- 
veyor is tilted by an air cylinder; ingots are 
therefore rapidly loaded and unloaded. The 
time required for the second cut is 2 min. 30 
sec., and the oxygen consumption is 35 cu.ft. 


Opera. 
nel 
iPports 
rs for 
en the 
ot wi 
Cutting 
guid 
cutting 
vali 
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| 
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Close-up, just after topping cut is fin- 
ished. The diseard slides down a skid 
plate into a scrap boat and is returned 
to the steel furnaces to be remelted. 


Ingots are placed in warm sand imme- 
diately after the last of the two cut- 


ting operations. This retards cooling ; ’ 
and is a precaution against surface 


cracking on this athr hid tel 
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Cold castings are piled in 
sleel boxes and delivered to 
the cleaning department 
where the slag and rough 
edges are removed prior to 
shipping to the forge shop. 
Ingots do not need to be 


sandblasted on their sides. 


Rows of finished castings ranked like nition for naval and coast defense 
good soldiers. Inspected and passed, guns. Whitewash circles indicate the 
they are ready for forging into ammu- location of identifying numbers. Se 
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NAVY SPECIFICATIONS AND INSPECTI 


By B. K. Culver’ 
Lieut.-Commander, U.S.N. 
Naval Inspector of Ordnance 
Northern Pump Co. 
Minneapolis, Minn. 


HE OBVIOUS PURPOSE of the general 
specifications of the U. S. Navy is to obtain 
uniformity of material and workmanship 
throughout the vessels of the United States. 


Less obviously, they incorporate the results of 


experience in regard to special requirements of 
naval design, to the end that all interested may 
more fully cooperate in the production of effi- 
cient fighting vessels. 

All the usual desirable characteristics of 
commercial machines are equally important 
from the naval point of view. Certain additional 
characteristics, which commercial service does 
not ordinarily require, are extremely important 
to the U. S. Navy, such as 

Maximum reliability. 

2. Minimum space and weight. 

3. Maximum accessibility for inspection, 
maintenance, and repair. 

1. Maximum resistance to corrosive action 
and, in particular, moist sea air and salt water. 

2. Economical operation and maintenance. 
6. Satisfactory operation when inclined 
(a) Up to 15° either side (permanently) 
(b) Up to 45° rolling and a piteh of 10° 
up and down. 
7. Satisfactory operation under the large 
uneven stresses induced by the laboring of a vessel 
in a seaway and at variable propeller loads. 

8. Satisfactory operation even though the 
mountings vibrate at fairly high frequency. 

%. Satisfactory operation under heavy shock 
to mounting and structure. 

10. Maximum interchangeability of parts. 

11. Ready susceptibility to repair by Naval 
personnel and with facilities found at sea. 

These requirements are no recent discovery. 
The Naval Inspection Service had its inception 
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in the first naval shipbuilding program when 
the construction of six frigates was authorized 
by the Congress of 1794. This group inciuded 
the historic “Constitution”, which was con- 
structed under Contract No. 1.) Ship captains 
and other officers were then appointed to inspect 
ship construction, shipbuilding materials, naval 
ordnance accessories, equipment and naval 
stores. 

Since that modest beginning, this servic 
has continued to function and has progressed 
with the changes from wooden hulls to stee! 
hulls, from sails to modern steam turbines, oi! 
engines and electric motors of high power. | 
has made notable contributions to practically 
all branches of private industry and to th 
advancement of the naval sciences in genera! 
ANDREW CARNEGIE gave the U.S. Navy credit for 
improving and stimulating the great. stee! 
industry. 

It is probably one of the oldest and mos! 
extensively organized inspection services of th 
various Government departments. The Nay) 
originated and developed most of the earl 
important hull and machinery designs, anc 
specified the present modern ones whicli we! 
developed by the various shipyard contractors 
in collaboration with the Navy Departmen! 

For that force — commonly known as Fiel’ 
Inspection at the manufacturing sources — |! 
Department has divided the United States geo 
graphically into 12 Naval Inspection Disiric 


with inspection headquarters located the 
industrial centers where much inspection W! 
be done. For purposes of economy and |» re! 
der prompt service, branch inspection cers 
*A talk before the Minneapolis Chapter & 


1941, based on an article by Capt. R. C. Day 
(retired) in Journal American Society 
Engineers, Feb. 1939, entitled “The Naval ! 
Service”. This article is not to be constr: 
official statement by the U. S. Navy. 
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American Cruisers Rounding Cape Horn in a Storm, April 1938 


Copyright Movietone News; 


with resident inspectors in charge are estab- 
lished in other industrial centers within the 
same district. These, as a rule, are under the 
command and are administered by a commis- 
sioned oflicer who has acquired technical knowl- 
edge through education and experience in the 
operation and maintenance of machinery on 
shipboard, construction of new ships, or repair 
of ships in the fleet or at the Navy Yards. Sev- 
eral assistant inspectors, qualified for their 
appointments by reason of their technical educa- 
tion or manufacturing experience and familiar- 
ity with the inspection and testing of materials, 
mill practices, shop processes and production 
methods, are assigned to these offices. 

lhe civilian assistants take great pride in 
their work and are as loyal to their oath and to 


the Navy as any Government official. Their 
anchor stamp placed upon material inspected 
and accepted by them represents their word of 
honor, in which the Navy may place the highest 
Their efficiency is very high and 
t] rrors in judgment are indeed rare. Prac- 
lica all major material and workmanship 
det ire discovered during field inspection or 
d ‘the shop and laboratory tests. Many of 
t] uld not be noticed at destination. They 


however, appear during the subsequent 
nm of the ship, and would be referred 

the contractor as his responsibility. 

ontracts for materials, machinery and 


Courtesy U. S. Navy Intelligence 


supplies written by the U. S. Navy, there is a 
clause which provides that the contractor is 
responsible for the satisfactory operation in 
service. This responsibility usually ends from 
one to two years following the date of commis- 
sioning of the vessel. If any errors in work- 
manship or fault in material develop, the 
contractor is required by law to replace this 
material or equipment at his own expense. Thus 
the inspector who rigidly tests the materials at 
the source, and who requires Navy-inspected 
materials to enter into the construction of the 
machinery, is a protection to the contractor as 
well as to the Navy. 

The Specification Section in the Bureau of 
Ships (which is a recent combination of the old 
Bureaus of Engineering and of Construction and 
Repair) is composed of several materials engi- 
neers and scientists under the command of a 
commissioned officer whose education and 
experience qualify him for such duty. Operating 
directly under this section are the several labo- 
ratories and testing stations maintained by the 
Navy, such as the Naval Experiment Station at 
Annapolis, Bellview Research Laboratory in 
Washington, and the Boiler Laboratory in the 
Philadelphia Yard; also the Material Testing 
Laboratory at the New York Navy Yard and at 
Munhall, Pa. This section is continuously exam- 
ining and testing new and old materials and 
striving in every way (Continued on page 768) 
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THE 


FREE-MACHINING 


STAINLESS STEEL 


By Stanley P. Watkins 


Manager, Development Division 
Rustless Iron & Steel Corp. 
Baltimore, Md. 


LTHOUGHL the stainless steels are totally or 

partially resistant to many highly corrosive 
media, itis a well recognized fact that they are 
not sufliciently noble to resist all conditions of 
exposure, nor can any of them be flatly accorded 
the designation “non-corrodible” without certain 
qualifications. The evaluation of a metal’s gen- 
eral corrosion resistance is a difficult and com- 
plex problem. It usually involves accelerated 
methods of testing, which at best serve only to 
indicate resistance to a particular and limited 
set of conditions. It is a rare case where accel- 
erated laboratory tests will accurately indicate 
a metal’s performance under approximate con- 
ditions when it is applied in industry, owing to 
differences in) concentrations, 


those slight 


impurities and variations in temperatures 


CORROSION 


RESISTANCE 


F 


The capacity to become “passive” is an oul- 
Phi 


conditions under which this can occur are varied 


standing property of the stainless steels. 


and numerous. <A slight change in some cond 


tion, such as an increase in’ temperature, a 


increase or decrease of oxygen in the surround 
change in concentratiol 
the 


ing environment, or ; 


of a solution in contact, will often throw 


metal from a state of passivity to one of activils 
In general, all stainless steels 1 


or vice versa. 
the active condition are rapidly corroded, bu 


when passive are either virtually immune o! 
The 


between passivity and activity is narrow, ofte! 


relatively slowly corroded. boundars 
shifting with minute changes in exposure cond 
lions or minor changes in metal compositio! 

Proper interpretation of corrosion data © 
the stainless steels, whether based on accelerated 
or service exposure, must therefore take in! 
account the ability of these alloys to by 


passive, else erroneous conclusions ™ 


invariably encountered, drawn. In general, oxidizing conditions ))! 
Used for Corrosion | 190, Cr 0.10 O38 0.019 0.015 0.31 2.30 0.21 
Tests 12°) Cr-FM 0.11 0.42 0.016 0.33 0.29 12.98 0.19 0.35 
17% C1 0.12 O45 4,022 0.018 0.36 17.09 0.27 
17% Cr-FM 0.08 0.59 0.025 0.30 0.44 16.02 0.71 0.39 
18-8 0.07 0.025 0.016 0.41 18.52 8.53 
18-8 S-FM 0.06 0.62 O.024 0.33 0.40 18.25 9.29 0.36 
18-8 Se-FM 0.05 0.92 0.130 0.010 0.65 18.18 8.53 ad 
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sivitv; acidity favors activity of acids 


erate hydrogen. 


stance of the stainless steels 


cor- 


reduced somewhat by the addition of 


or selenium for free-machining proper- 


tie cially under severe conditions, such as 


to acid solutions. 
of industrial applications 


onding regular grades, 


At any rate, for a 
the 


ng grades serve equally as well as the 


free- 


sults of a series of laboratory corrosion 


test , the various free-machining stainless 


with regular grades, are presented 


in several tables. In studying these data, which 


include exposure to acetic, hydrochloric and 


nitric acids, salt spray and tap water, it should 


be borne in mind that 
the figures represent 
ereally accelerated con- 
ditions for the most 
part, and should not be 
used as the sole crite- 
rion for evaluating a 
particular grade’s  suit- 
ability for service 


involving much less cor- 


Nitric Acid 


and 18-8 grades of stainless steel are highly 


The regular high chromium 


resistant to nitric acid, which is strongly oxidiz- 
ing, and are widely used for handling this chem- 
ical. On the other hand, the straight chromium 
grades having less than about 11) chromium, 
while resistant to HNO, solutions at normal tem- 
peratures, will generally be corroded at temper- 
atures around the boiling point. Typical 
corrosion rates for the free-machining stainless 
steels and the corresponding regular grades, 
when exposed to 65° boiling nitric acid, are 
given in Table IL. It will be noted that a high 
sulphur or selenium content in’ the stainless 
steels materially reduces their resistance to 
attack by boiling acid. (These and other experi- 


Table Il — Corrosion in 65° Boiling Nitric Acid 


(Figures represent inches penetration per month) 


rosive 
figures are given merely 


to indicate the relative 


conditions. The 


GRAD! 
12% Cr 
12% Cr 
12° Cr-FM 
12 Cr-FM 
17% Cr 
17°. Cr-FM 
18-8 


18-8 S-FM 


18-8 Se-FM 


CONDITION 


Hardened 


Do. and te 


Hardened 


Do. and te 


Annealed 
Annealed 
Annealed 
Annealed 
Annealed 


BRINELI Fins! SECOND THinp 
HARDNESS Hin. 18 Hn. 18 Hn. 
363 0.01830 O.01355 0.06370 
mpered 223 0.01410 0.02051 0.02530 
387 O.06181 0.09820 0.10120 
mpered 223 0.1244 0.1261 
183 0.00176 0.00182 0.00211 
192 0.0241 0.0546 0.0595 
153 O.000T718 0.000642 
156 0.0206 0.0860 0.0910 
156 0.0482 0.1368 0.0983 


Table Ill — Hydrochloric Acid Corrosion Test 


(0.96 by weight hydrochloric acid at 80° F. 


; weight loss in g. per sq.in.) 


ments were performed 


BRINELL Finst SECOND THIRD bv I. C. Cuean.) 
HARDNESS PreRIOD PERIOD Pentop 
The normal rate in 
Cr Hardened 363 0.0130 0.0017 O.0015 boiling nitric acid 
12% Cr Do. and tempered 223 0.0104 0.0011 0.0016 for annealed 18-8 aver- 
Cr-FM Hardened 387 0.0155 0.0090 0.0120 3 
Cr-FM and tempered 223 0.0130 0.0045 0 0070 mses ‘Vin. penetra 
ee Ce Annealed 183 0.0160 0.0097 0.0090 lion per month, but 
Cr-FM Annealed 192 0.0970 0.1140 0.1600 when sulphur or sele- 
Is Annealed 153 0.0030 0.0010 0.0008 nium is added. the 
18-8 S-FM ale 56 0038 ) 1.0009 
i Annealed 156 0.0039 0.0010 0.000: corrosion is) greatly 
Annealed 156 0.0036 O.0015 0.0023 
accelerated and rates 
above O.OSO in. are not 
unusual. 18-8 Se-FM, 
res ce of the various grades to the reagents with an average rate of 0.0998 in. penetration 
used 1) the tests, and the results obtained can in per month for three periods, is less resistant than 
a be interpreted to cover dissimilar condi- 18-8 S-FM. which averages 0.06060. Resistance 
exposure. As a matter of fact, many of the sulphur-bearing grade to attack by boil- 
ds of tons of the free-machining stainless ing 65°. HNO, is materially improved by the 


e used each vear for applications involv- 


sure to crude oil, gasoline, fruit juices, 


oducts, foods, beverages, atmospheric 


is, textile dyes and paper pulp, with 


satisfaction to the user. 


addition of 0.35 to molybdenum. The 
average rate (three I8-hr. periods) of an alloy 
containing 0.3385 S, Cr. Ni, 
and 0.365 Mo, was 0.0640 in. penetration per 


month, whereas the rate for a similar alloy that 
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contained no molybdenum was increased to materially reduces the resistance of the s ight 


0.201 in. penetration per month in boiling 65‘; chromium grades, but has slight effect o ‘88 
nitric acid. Selenium in the 18-8 alloy apparently te ‘s to 
It is the opinion of some users that if the reduce resistance more than sulphur, | the 
mean corrosion rate of a straight chromium difference is not marked. With strong: lu- 
stainless steel alloy when exposed for five 48-hr. tions, coupled with moderately high te ra- 
periods in boiling 65°  HNQOs is less than 0.006 tures, attack by hydrochloric acid is atly 
in. penetration per month, it is satisfactory for accelerated and the difference between the regu- 
lar and free-machining grades becomes more 
marked. 
Analysis: Sulphuric Acid—In general, the sta nless 
Grade C S$ P Gr N Mo Se steels, particularly the = straight) chromium 
|) 18-8S-FM O06 O30 O02 15 85 - 
ae | SQ 18-8Se-FM 006 0.02 010 185 85 - 230 grades, are not regarded as satisfactory where 
Des O05 002 002 185 85 - - service involves exposure to sulphuric acid solu- 
006 002 002 185 120 2 A 
2/0 t T tions. In some instances, accelerated attack 


occurs upon initial exposure which subsequently 
drops off (or ceases altogether on prolonged 


exposure) owing to the metal becoming passive 


The addition of approximately 3° molybdenum 
to regular 18-8 stainless steel substantially 


increases its resistance to sulphuric acid. The 


passivity range is also greatly extended if an 
0 10 20 30 4 50 60 7 oxidizing chemical, such as nitric acid, copper 

Exposure in Days sulphate or ferric sulphate, is present in the 
solution in the correct proportions and the tem- 


Resistance of Free-Machining Grades of 18-8 to 
Dilute HNO-H.SO, Mixture at 70° F, Is Rather Less perature is not excessive. 

Than the Regular Grades During the First Two or Resistance of four 18-8 grades of stainless 
Three Weeks, But All Grades Then Become Passive 


‘ steel to a di sulp ‘ic-nitric acid s nat 
Enough so That Subsequent Losses Are Very Small steel to a dilute uly huric-nitric acid solution a 


room temperature is shown by the diagram at 
left, forwarded in a private communication 


handling the acid. On this basis it would appear from J. L. Parrerson of Eastman Kodak Co 
that none of the free-machining stainless steels The loss, even for the free-machining grades, is 
are suitable for containers for concentrated acid negligible and permits their use for handling 
at the boiling point. However, at) normal this mixture. Passivity develops in all th 
temperatures all the free-machining stainless grades after about the first two weeks. 


steels are highly resist- 


ant to nitric acid in con- 


centrations above 20°. Table IV — Corrosion by Acetic Acid (20% by Weight) at 80° F. 
Hydrochloric Acid 

Solutions of hydro- GRADI CONDITION HARDNEss | Loss (a) REMARKS 
chloric acid, as a rule, 

12% Cr Hardened 363 0.00060 Slightly pitted 

strongly attack the 

: os at 12% Cr Hardened and tempered 223 0.0120 | Badly pitted 
stainless steels. The cor- 120. Cr-FM Hardened 387 0.00016 | Slightly pitted 
rosive effect of a 0.5% 12% Cr-FM Hardened and tempered 223 0.0228 Badly pitte 
hvdrochloric acid solu- 17% Ci Annealed 183 0.000138 Very slight (tace 
Cr-FM Annealed 192 0.00016 Very slight attack 
tion on the free-machin- 
18-8 Annealed 153 0.000106 Very slight attacks 

Ing as we as ¢ 18-8 S-FM Annealed 156 0.00013 Very sligh CK 
corresponding grades of 18-8 Se-FM Annealed 156 0.00013 Very slight 1CK 

stainless steel is shown 
(a) Grams per sq.in. of exposed metal, after 125 hr. 
in Table II] (page 711). 
It will be noted that the 
initial rate of attack in the first period drops off Acetic Acid —— Stainless steels are ch tel 
on subsequent exposure, indicating the develop- istically passive in acetic acid solutions all 
ment of some passivity. The exception is the concentrations at room temperature, an $ 1S 
17 Cr-FM grade The addition of sulphur particularly true of 18-8. Although the ght 
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chromium grades tend to 
passivity, they are more 
likely to corrode. As 
shown by Table IV_ the 
regular grades of stainless 
steel possess slightly bet- 
ter resistance to a 20% 
solution of acetic acid 
than the corresponding 
free-machining grades. 
Salt’ Spray — One of 
the most commonly used 


%Cr 
methods for determining Quenched 
resistance of metal to the 
atmosphere, moisture, and 
water or salt water, is the 
salt spray test. It is not 
infallible, but if an alloy 
has any inclination to rust 
or corrode in normal 
atmosphere it will be 
revealed by this test. The 


salt spray test does not 


lend itself readily to quan- 
titative measurement: 


specimens are generally 


judged by their appear- 
ance after exposure. Slight 
surface rusting or staining 
is not usually regarded as 


failure”, but the presence 


of progressive corrosion 


At Left Is Shown Condition of 
Stainless Steel Specimens Described 
in Table V, page 714, After 
100 Hr. in Salt Spray Cabinet 


At Right Is Shown Perfect Resist- 
ance of All Specimens (Both 
Regular and Free-Machining 
Grades) to 125 Hr. in Tap Water 
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Table V —Salt Spray Test ‘a’ 


CONDITION OF SPECIMENS Dunine CONDITION OF Sp om 
\rrern 18 Hr. Arren 48 Hn. Arren 100 Hr. 
12% Cr Hardened Slightly rusted = Slightly rusted Badly rusted Slightly pit 
12°. Cr Hardened and tempered Slightly rusted Badly rusted Badly rusted Slightly pit 
12°, Cr-FM.) Hardened Rusted Very badly rusted Very badly rusted Slightly pit 
12°) Cr-FM Hardened and tempered Badly rusted = Very badly rusted Very badly rusted Very badly p | 
17% Cr Annealed OW OK OK Not pitte: 
17°¢ Cr-FM.) Annealed Slightly rusted Very badly rusted Very badly rusted Very slightly ; d 
18-8 Annealed OW OK OK Not pitte: 
18-8 S-FM Annealed Slightly rusted = Slightly rusted Slightly rusted Not pitted 
18-8 Se-FM Annealed OK Slightly rusted Slightly rusted Not pitted 
(a? Specimens finished with 120-grit emery, exposed to 40> NaCl under 10-lb. air pressure. 
as evidenced by severe rusting and localized better resistance than the 17% Cr alloy at both . 
pitting is often considered serious. the temperatures used in this test; the somewhat 
The appearance of free-machining stainless higher nickel content plus the molybdenum in . 
steel specimens, along with the corresponding the 17°. Cr-FM alloys probably accounts for this ; 
regular grades, after 100° hr. 
exposure to the standard. salt 
spray test is shown by the first GRADE Weicur Loss By OXIDATION 
group of photographs on page 12% Cr 0.127¢¢ in 30 hr, at 1600° F, 7.18 in 8 hr. at 2050° F, 
713. A detailed description of 12°, Cr-FM 0.128% in 30 hr. at 1600° F. 14.44¢¢ in 8 hr, at 2050" 
these specimens is given in 17‘. Cr 0.408% in 24 hr. at 1700" F. 4.590 in 8 hr. at 2050 F. 
Table V 17°. Cr-FM 0.150. in 24 hr. at 1700° $.62¢¢ in 8 hr. at 2050" F, 
; 18-8 0.122¢. in 30 hr. at 1750° F. 0.76¢¢ in 8 hr. at 2050° 
It will be noted that each of 18-8 S-FM 0.1706 in 30 hr. at 1750° F. 0.85 in 8 hr. at 2050° F. 
the free-machining stainless 18-8 Se-FM 0.1830; in 30 hr. at 1750° F. 2.590) in 8 hr. at 2050" 
steels rusted to a greater extent 
than the corresponding regular 
grade, this being particularly true of the straight 
chromium alloys. There was very little differ- 
ence in appearance between the three 18-8 
grades, indicating that sulphur or selenium 
additions to 18-8 do not appreciably lower its 
resistance to this exposure. In the case of the 
12’. chromium grades, the hardened specimens ; 
showed somewhat better resistance than the : 
ones hardened and tempered, which is typical 
for these alloys. 
Tap Water — The appearance of a group of 
specimens, identical to those used in the salt 
spray test, after exposure to running tap water 
for 125 hr. is shown by the second group of 
photographs. This test is relatively mild, but 
will seriously corrode ordinary steel; note that 
all the specimens resisted perfectly. 
Scale Resistance — As shown by the last 
table, the resistance of the free-machining 
stainless steels to oxidation at moderately high ; 


temperatures is about the same as for the regu- 
lar grades. However, at 2050" F. the free- 
machining grades have a tendency to scale 


considerably more than the regular ones. The 


only exception is 17° Cr-FM, which possesses 
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Crystallography of the Chemical Elements 


As Tabulated by William Hume-Rothery 


in*The Structure of Metals and Alloys; Monograph No 1, British institute of Metals 
astby H.C Vacher) Represent Values that Have Appeared in the Literature from 1936 to 1940 Inclusive 


& 
Arrangemenent SL Ratio CS Sse] 
S 
S a 0, Re 
— 
Group IVA in Periooic Sequence 
? a-O 1601 66 | 2958 472 2915 2953 
(sughtly over 900°C) B-® 8 5.32 2.875 
4 | 2 @=0 1589 66 53.223 5. 3.166 5.223 
(data for 867°C) B-® — 8 36) — 5126 | 
rium 2 1587 661 3200 5.072 3.139 | 3.200 
rium | 2 — 12 — 59oar3600 — 
Group WB, /ncluaing Carbon and Silicon 
bon, chamonad [2] 4 — 4 5 5606 15113 | — 
j graphite O (b) 275 2496 78 142 | 246 
14 Silicon — 4 — 23452 — 
32. Germanium — 4 5642 | — 2445 
50, Jin, gray TE)(18) 4 ) 4 | 646 
white 05456 | 58194 | 3175s | 30161 | 3.178% 
8?, lead 18] 4 12 49389 | 54923 | — 
Groug VA in Periodic Sequence 
23, Vanadium 2 — 8 | 5038 | — 26274 | — 
41, Columbium 8 | 5204+ | — 2853 | — 
3, Tantalum 2 8 | | 26544 | — 
91, Proteactinium | IY 2 — | — 
Group VB 
7, Nitragen l2]5 “Cubic -- 566 | — 
= hex 163s 403419 | ESerts 
5, Phosphorus, metallic (2H(8]5 | 53) b-438 1050 217 220 
33, Arsenic 18] QD @=54975 33 | 4/3st6 | — 2507 3139 
Antimony 78) 5 Q @=57°65 3,3 | 449762 | 8795 | 33784 
83, Bismuth | Q @=57°)42" 3535 | 4755626 | 3/036 34728 
Group IA in Periooic Sequence 
4, LAromuum | 8 ? 878 § | 
B=0 1626 bE 2712 109 | 
42, Molybdenum [13] — 8 3/403 ? 2196 — 
4, Igslen 2 | 8 | 3758s C7352 — 
8 =cubic ic) 8atoms inunit cell, 5038 2519 2816 
ramum 2 | toms inunitcell, 2852 \| 4 276 285 
=1:2:056:17#4, 0-5 865 
Group WB 
xyOEN a D 4 atoms Unit 550 344 
9:0:6 =1:089):0.625, 
a -99 je. Patt nunil cell & 79 
‘scube Iatomsmuntcell| 683 
6, Sulphur [28/6 | 1B atoms in unit cell\ 1048 45 336 
= 1 12353: 2343, 
at 1038 (0) mono-\a:b:0 = 7:1011:1 006 10.90 
cline B= 835° b-1102 
34, Selenium 6 Ove) 1140 24 | 4337 4 945 5.45; 
monochieta) a:b:C = 1:0.998:1281| 8992 — 
32 atoms in unit Cell, B «97°34. 9973 
monochie (8) a:b: =1:6.311:726) 274 — 
32 atams in unit cell; B=95°4', b-8.04 
3 8)(78/6 fe) 133 oF 4 44: 59 B58 
[CHEN 6 hexagane! 3atoms in psevdocell 4.25 or 14 — 
probably monoctinc| 1:0578: 1900 742 14.10 34 
2 atorns in urut cell; 8 b= 4 29 | 


18 Dody-centered cubic; a 1s face-centered cubic; 0 Ch 
s rhombohedral, and 0 is orthorhombic 


apiute 1s hexagonal, not close packed, with four atoms per unit cel 


voice structure; two positions distinguishable, X and Y. Each atom x has 12Y at 2 


Cell Contains 488 or 


)xagonal, Not Close packed; each atom has 2 neighborsat a, and 4 at A> 


‘tomic diameters for new values have been computed by 
2e Page 580, Metal Progress, May 1941 


following Hue 


n 


fothery $ proceaure whenever possible 


ose packed hexagonal except as noted; > 1s Diamond; & 1s tet ragona/, 


16 A; gach atom Y has 2Y at 2519 and 4X4 at 2816 A 
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Goo assist manufacturers and en- 
. in finding practical solu- 
tions to problems involving the selection, treat- 
ment, fabrication and use of alloys containing 
Nickel, The International Nickel Company, Inc. 
have compiled essential facts based on years of 
research and field studies. These facts are con- 
densed into convenient printed form. 

Also available for consultation is a staff of ex- 
perienced engineers—men who have cooperated 


THE INTERNATIONAL NICKEL COMPANY, INC. sew'vors. 


Metal Progress: 


for years with producers and manufacturers—help- 
ing to work out solutions for a wide range of 
metallurgical problems. 

Now—when minutes and materials are so vital 
to defense efforts—make full use of this service. 
Send for a check list of helpful publications, or 
submit your specific problem to: 


NICKEL 
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DEVELOPMENTS 


OPENHEARTH 


STEEL PRACTICE 


By D. L. McBride 


Asst. Supt., Openhearth Dept. 
Franklin Division, Cambria Plant 
Bethlehem Steel Co. 


HE NECESSITY for complete technical con- 

trol of the openhearth process has been the 
incentive for recent metallurgical developments, 
as well as numerous improvements to the physi- 
cal features of the furnace and its auxiliary 
equipment. These metallurgical developments 
and physical improvements have resulted from 
the economic need for larger and faster heats 
of consistent quality. The old idea that the 
highest quality could only be obtained from 
small, slow-working furnaces has been dis- 
carded since the development of the large mod- 
ern furnaces capable of producing steel, of the 
highest quality, at rates of approximately 20 
lons per hr. This extraordinary production rate 
is nol due alone to increased hearth areas, but 
is the direct result of the coordination and con- 
solidation of metallurgical and operating devel- 
opments during the past ten vears. 

‘here is no feature of openhearth practice 
less amenable to control and more likely to dis- 


rupl smooth operation than the charge. A 
Well balanced charge is a necessity, but to main- 
‘ain |e desired balance between various mate- 
rial iImost impossible. For example, the 
‘hoot of ore charged must vary with the 
ame and type of scrap, the amount of iron 


ind silicon content. Also, the amount of 


limestone charged will vary with the amount 
of silica in the ore, the type of scrap and the 
amount and analysis of the iron. Although suc- 
cessive monthly averages of consumption of 
ore, limestone, scrap and iron may be fairly 
uniform, nevertheless, from day to day or even 
from charge to charge, the individual amounts 
or analyses of these materials may show wide 
variations. This is especially true of the scrap 
and hot metal, but, unfortunately, the variations 
in analyses and amounts of these materials con- 
sumed is usually beyond the control of the open- 
hearth operator. 

How seriously the variations in the silicon 
content of the hot metal will affect furnace time 
has been shown in data recently published by 
E. A. WHEATON in a paper entitled “Openhearth 
Operation on Low Silicon Basic Iron” before 
the Openhearth Conference of the A.I.M.E, in 
1910. These data, as reproduced below, are the 
annual averages over a period of 10 years, and 
indicate that a reduction of O.10° silicon in 
the hot metal corresponds with a reduction of 
approximately 30 min. in heat time. 


AVERAGE SILICON HEAT 
YEAR IN THE Hor Meral TIME 
1932 1.17% 10:21 
1931 1.12 11:00 
1933 10:09 
1930 1.08 10:39 
1934 0.97 10:27 
1935 0.95 9:57 
1938 0.85 9:27 
1936 0.83 9:30 
1937 0.79 9:12 
1939 8:45 
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How far the trend toward lower silicon iron 
can be carried without adversely affecting blast 
furnace or openhearth operations will probably 
depend on the individual conditions prevailing 
in each shop. 

As the silicon content of the iron is lowered, 
less limestone is needed in the charge in order 
to arrive at the desired lime-silica ratio in the 


finishing slags. The above data indicate that 
from the high of 1932 (1.17 silicon) to the 


low of 1939 (0.745) the limestone consumption 
could be reduced by 72 lb. per net ton of ingots 
without altering the lime-silica ratio in the fin- 
ishing slags (assuming a ratio of 3 to 1). As the 
amount of limestone in the charge decreases 
there is a noticeable shortening of heat times; 
however, the limestone consumption is largely 
dependent upon the amount of silicon in the 
iron so that these two factors are probably 
interrelated, insofar as they affect heat times. 

The relation between limestone consump- 


hearth, 87 Days After Ground Was Broken, 


Tapping the First Heat From a 190-Ton Open- 
Nor- 


tion and heat time may not be the sam: 
all operating conditions, but the followi, 
show the relation in one shop when y 
least 55° hot metal in the charge: 


No. oF MONTHS i.B. OF LIMESTONE Hy 
AVERAGED PER Net Ton 
10 187 11:1] 
12 175 11:1 
10 163 10:: 
11 148 10:4 


These data show that the shortening o 
time to be expected from a decrease in th, 
stone burden is about 10 min. for each 
decrease (per net ton of ingots) in th 
consumption. 


The Sulphur Problem 


Blast furnace operators have 


der 


iata 


at 


heat 
ne- 
Ib 


tone 


been 


impressed by the economies obtained in th: 


openhearth when using iron low in 


mally oil-fired, a feature is three-pass regenerators 
(8400 cu.ft. volume) on each end of the furnace 


silicon. 


ue 
| 
Beg 
Ce 


* is and sulphur and they are to be 


me ed for the effort they have made 
tow ‘oducing the quality of iron desired for 
stec xing. However, even under the most 
clos ontrolled burdens, iron analyses may 
shi desirably wide swings in silicon and 
sul] from cast to cast. In turn, these varia- 
tiol reflected to a greater or less degree in 
the hearth operation. 

rder to offset these variations in iron 
anal) either a modification of the steel fur- 
nace irge or a supplementary treatment of 
the ) is necessary. The general American 
practice is to modify the openhearth charge, 


although considerable work has been done to 
determine the economies resulting from = sup- 
plementary treatments of the blast furnace 
product. It is likely that desulphurizing or 
desiliconizing treatments of blast furnace iron, 
as a routine practice, will be unnecessary by 
American steel plants as long as coals and ores 
of the present quality are available. 

Such treatments are entirely feasible from 
a technical standpoint, but there are certain 
practical obstacles to be overcome before they 
can be considered successful. To be completely 
satisfactory, the siliceous slag or caustic slag 
resulting respectively from the desiliconizing or 
desulphurizing treatments must be removed by 
some skimming method before the treated iron 
is delivered to the mixer or refining furnaces. 
These slags will not only seriously erode the 
mixer linings, but if allowed to enter the open- 
hearth furnace will nullify any benefits derived 
from treating the iron. 

The unfavorable influence of sulphur on 
surface defects of rolled and forged products 
has become well recognized, Although the basic 
openhearth process can eliminate sulphur, 
nevertheless, a severe penalty is placed on the 
melter if he is required to produce low sulphur 
steels from materials high in that element. As 
the iron charged is one of the principal sources, 
any variation in its sulphur content will be 
directly reflected in the finished steel unless the 
openhearth operator consumes the additional 
fluxes and time required to remove the excess. 
The extent to which it should be eliminated, to 
avoid inferior surface quality, varies with the 


grade of steel and the manner in which it is to 
be hot worked or cold worked. Therefore, the 
effort ing made to control the sulphur con- 
lent of ‘he iron, either by natural means or sup- 
Plemer wry treatments, should result in increased 
prod in from the openhearth furnaces or in 


an improvement in surface quality of the 
finished steel. 

The striking effect of sulphur on surface 
quality is demonstrated by the data recently 
published by H. B. Emerick in Blast Furnace 
and Steel Plant for August 19410 (“Survey of 
Factors Affecting the Surface Quality of Semi- 
Finished Steel”) in which the ladle sulphur con- 
tent is related to the surface quality of seamless 
tube blooms of sound killed steel, and also for 
1*,-in. billets of rimming steel. Emenick’s data 
show that for seamless tube billets an increase 
from an average of 0.027 to an average of 
0.035 sulphur will be accompanied by a four- 
fold increase in tube rejections for surface 
defects, in addition to a decrease of 22.5 in the 
chipping rate. Likewise, for the rimming grades 
an increase in sulphur is accompanied by 
increased scrap losses and reconditioning costs. 

Whether or not the production of low sul- 
phur steels is justified depends upon the mag- 
nitude of rejections in terms of lost production 
and increased costs. Before striving for low 
sulphur content of the finished product it is 
necessary to establish the balance between the 
cost of reconditioning and rejections under 
existing conditions and the economic penalty 
to be paid by the blast furnace and openhearth 
when required to produce low sulphur steels. 


Slag-Metal Reactions 


The general relationships existing between 
slag compositions and metal analyses have long 
been known in a qualitative fashion and slag 
compositions have been successfully manipu- 
lated to eliminate the necessary phosphorus and 
sulphur. Now, the old art of slag manipulation 
is rapidly being developed into the new scrence 
of slag control. 

In the past six years several methods of 
control have been proposed and all seek the 
same final results — that is, to produce a slag 
in the furnace which will eliminate phosphorus 
and sulphur from the metal bath to the desired 
extent without waste of time or fluxes. In other 
words, the object of slag control is to allow 
faster working of heats while assuring that 
chemical specifications will be successfully met. 
It is futile to compare the specific control prac- 
tices prevailing in different plants because the 
extent to which any method is applied will 
depend upon the silicon, phosphorus and sul- 
phur content of the charge and the type of steel 


being produced. 
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The extent to which sulphur and_ phos- 
phorus are eliminated depends upon the lime- 
silica ratio prevailing in the slag. The first 
objective of all methods of slag control is to 
estimate or measure this ratio promptly and 
accurately. On the basis of this estimate, cor- 
rective additions are made to the slag until the 
desired lime-silica ratio is obtained. 

An outstanding contribution to our knowl- 
edge of slag-metal relationships was the work 
of K. L. Ferrers and JouNn CurMman published in 
Metals Technology for February 1940 (A.1.M.E.) 
as “Slag-Metal Relationships in the Basic Open- 
heartn Furnace” in which data from 650 metal 
and slag samples were studied by statistical 
analysis. Of the several correlations deter- 
mined, the one in greatest conflict with previ- 
ously accepted theories was that the degree of 
oxidation of the metal is more completely con- 
trolled by the carbon content of the bath than 
it is by the residual manganese or any of the 
components of the slag. Application of these 
findings should lead to a close control of deoxi- 
dation practices for rimming, semi-killed and 
also for killed steels, with the result the mold 
action, piping tendencies and grain size of these 
respective grades should be more uniform from 
heat to heat. 

The meaning of the term “sufficient tem- 
perature” has a wide range of interpretation, 
largely because there is no method in common 
use which will accurately record openhearth 
bath temperatures. We can expect notable 
developments in this class of pyrometry, but 
thus far all proposed methods have failed to 
meet all the requirements of simplicity, accu- 
racy, and ruggedness. The traditional method 
of determining bath temperatures by the experi- 
enced eye of the melter is simple, but, unfortu- 
nately, is not highly accurate. On the other 
hand, while the mechanical equipment — such 
as the immersion thermocouple, or the rayotube 
radiation pyrometer— appears to possess the 
required accuracy, it lacks the ruggedness 
necessary to withstand repeated or prolonged 
exposure to the erosive bath action and high 
temperature prevailing in the bath. 

The requirements for a successful method 
of temperature measurement are not insur- 
mountable, and it is likely that the wide-spread 
interest being shown in this field will eventually 
produce an instrument or method which will be 
enthusiastically adopted by openhearth opera- 
tors. Aside from its influence on quality of the 
product, temperature control is important from 


a strictly operating viewpoint, since eithe — yee. 


sively hot or cold heats will cause loss ppp. 
duction. Hot heats because of their tenc ey y, 
attack the banks and bottom will requ. © sy). 
sequent delays for patching the furnace. |p {hy 


other hand, cold heats will develop lare. Jad), 
skulls, generally accompanied by increa od pj 
losses because of the failure to obtain ‘leay 
stopper in the teeming ladle. 


Inclusions 


During the past few years there has been a; 
intensive study of the factors contributing to thy 
prevalence of non-metallic inclusions in stee! 
As these inclusions are complex oxides and sili- 
cates their origin is frequently difficult to deter- 
mine. Evidence has been produced showing 
that they may come from the charge or from 
the refractories, or may result from the entrap- 
ment of the products of deoxidation. The us: 
of complex deoxidizing alloys which ar 
designed to produce a fluid deoxidation product 
does not guarantee a product free from inclu 
sions regardless of all other circumstances, and 
we must agree, therefore, that deoxidation prac- 
tice or products are not the only source of “dir! 
in steel”. 

There has recently been considerable inter- 
est shown in the development of specially pre- 
pared hot-top insulators for ingots of killed 
steel. The growing popularity of these prepared 
insulators, in competition with such cheap mati 
rials as straw, oat hulls, sand, slag-wool and 
coke breeze, is an indication that the cheape: 
material may not always yield the soundes! 
ingot with the greatest freedom from piping and 
segregation. On the other hand, if the physica! 
laws of solidification and segregation of solid 
solutions are violated by using molds o! 
improper design or sink heads of inadequatli 
volume, then inferior ingots, with respect | 
piping and segregation, will be produced regaré 
less of the material used to cover the top of th 
sink head. 

In conclusion it may be said that the last 


decade has witnessed — if not any major ate 
startling revolutions in the melt shop — « 4rae- 
ual improvement in our knowledge of the  sse! 
tials of steel making, and a_ steady 

equipment, ability and desire to app 
knowledge. The net result is that today 
undoubtedly able to make better ste 


this 


higher rate than ever before in metal gic! 
history. 
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STEELS 


By Gordon T. Williams 


Metallurgist 
Deere & Co., Moline, HL 


fe THREE preceding papers 

(adopted from a series of lec- 
tures before the Tri-City Chapter, 
&. early in 1941) some general 
remarks were made about the phys- 
ical testing of metals, ance how the 
results of those physical tests aided 
the designer and the metallurgist to 
select a suitable steel for a given 
job, Beyond these physical tests 
such as tensile, notch bar, fatigue, 
hardness — there are a few metal- 
lurgical properties that require 
attention. 

the metallurgical properties we 
ueed to worry about that determine 
the useful properties of steel are not 
very many. We are not going to 
lalk now about details of heat treat- 
ment, critical points, critical cooling 
rates, and similar matters, but those 
things we must bear in mind in 
selecting steel. 

Chemical analysis is least 
mportvnt. Don’t take that quite as 
baldly os it sounds; the type or fam- 
ly of steel is very important 
we pick chromium-nickel 
or pl arbon, say. But when we 


Whet] 


hav | that appears right, the 
‘Mesh of percentages of this or 


FACTORS IN THE 


that element is not nearly so important as some have been 
led to believe. The permissible range for a common chro- 
mium-nickel steel is OAS to 0.75% chromium, 1.0 to 1.5' 
nickel; variations within that range have some effect, but 
the effect is a minor one and may often be overshadowed 
by other things. 

General data on representative properties of dozens of 
much used steels are available from any steel company. A 
typical chart is shown in Fig. 1, and happens to represent 
S.A.E. 4140, 1° Cr, 0.205 Mo, O40 C. It contains the 
recommended heat treatment, forging temperature, quench. 
normalizing, annealing, or quenching temperature, size ot 
piece treated to give the tabulated results, the critical points, 
chemical specifications (and often the analysis of particular 
sample used), Curves show the Brinell hardness, tensile 


‘hn, 14/f) 
Chramium-Molybdenum Steel, 8 AE 414 
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Fig. 1 Typical Property Chart for Alloy Steel, 
Quenched From Normal Temperature and Drawn at 
Various Ranges. Courtesy Climax Molybdenum Co. 


June, 1941; Page 721 


= 


7 

— 
q 
| 
| ‘ 
Ye lensile Strength | en & en 
| 400 © 200 Strength} 80 

> 

S = 
& | 
4 3 
q 
4 
| i 


Max.Hardness, Rockwe//*C” 


strength, yield point, elongation in 2 in., reduc- 


tion of area, and Izod impact, all as they vary 


with the drawing temperature. 


The curves 


show, for instance, that after quenching in oil 


from 1525 to 1575° F. and drawing at 800° F., the 
reduction of area is about 47°, elongation is 


about 12%, and Izod impact is about 15 ft-lb. 


For any other draw temperature, we can find 


the expected properties of the center 14-in. of a 


l-in. round. 


If we require a certain 


tensile 


strength or yield point, we can find the other 


corresponding properties and heat 

treatment required. 
Usually the yield 

proportional limit or the hardness is 


strength, the 


used to select material to have neces- 
sary resistance to deformation. Hard- 
ness of course is a function of the 
tensile strength; the other properties 
will vary according to the chart and 
must be a secondary consideration. If 
they don’t come right in S.A.E. 4140, 
another type analysis may be better in 
a specific respect. 

After the family or type of steel 
has been chosen, do not worry too 
much about the incidental elements, 
For example, sulphur and phosphorus 
are not important elements when con- 
trolled within specified chemical lim- 
its. Beyond that, they contribute to 


strength and brittleness. They pro- 


Fig. 3 


in steel; Fig. 2 shows why. On this ar otted 
the maximum hardness values obtain; with 
plain carbon and several alloy steels. \Vhey 
quenched in such a manner to develop | 1axi- 
mum hardness, all hardnesses fall on san, 
curve, plotted according to carbon con! Th 
fundamental point is that maximum a. 
hardness depends on carbon content. tha 
I say available hardness—we may ve to 


improve the hardenability of a steel so (at yw, 
can attain that maximum hardness, but a/ter yw, 
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~ Wide Variations in Grain Size in Steel, Etched so as | 


Darken Carbides at Grain Boundaries and Examined at 1 


Diameters. 


Left is S.A.E. 1015 plain carbon steel soaked at 170 


F.; right is a very fine-grained nickel-molybdenum steel of t! 
same carbon content, S.A.F. 4615. (Grossmann’s “Heat Treaiment 


’ t 
50 + + + 4 | 
ae | o Alloy | 
| | | 
/ | 7x McQuaid 
50 T Sykes and Jeffries | 
; |  234x Grossmann 
/ | | 
20 4 + + + + + 
} | | 
l | | | | 
O 0.20 0.40 0.60 080 100 
Per Cent Carbon 
Fig. 2 Maximum Hardness Obtainable in Steel Is a Func- 


tion of Its Carbon Content Rather Than of a Moderate 


Amount of Alloying Elements. 


(Burns, Moore & Archer) 


mote machinability and therefore sometimes we 
ask for them, but only with the realization that 
they will undoubtedly harm the toughness and 


ductility of steel. 


Carbon is the most important single element 


have improved hardenability we can only reach 
the capability of a good carbon steel. 
Manganese is probably the next mos! 
important element to carbon. It is present |! 
all steels from about 0.30% to as much as 0.90 
Some S.A. 


alloy steels run as high as 1.90% in manganes 


even in the plain carbon steels. 


Manganese may be said to be our cheapest alloy- 
ing element. 

Alloying elements — the basis for selectiis 
-will be taken up al 


later time, when I will show that the alloy typ 


steel for heat treating 


is relatively unimportant, for all common ty) 
of alloy steel can develop approxima!) 
same physical properties. There must | ole! 
bases for selecting the steel to be us 
given part than its alloy content. 


In all 


scrap there are high percentages of 


‘arbon and alloy steel mi: 


elements, 
openhearth steel made from a high ser 


Copper is one; a typical an >! 
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Prolonged 


Mixed Grain 


100 diameters in Fig. 3. While these are extremes, 
it should be remembered that grain size is a very 
important metallurgical factor in the selection of 
quality steel. 

Grain size control is nobody's secret. Controlled 
steels are readily available and most companies are 
using them today. Some steels which are tine- 
grained (A.S.T.M. No. 7) after heating to 1400° F, 
will gradually coarsen with time at higher tempera- 
tures, reaching grain size zero at abont 2000° F, On 
the other hand, aluminum treated steels, if properly 
made, maintain their original fine grain to well 
above carburizing temperatures and then coarsen 


a All Coarse 4 rapidly. Figure 4, from E. C. Batn’s valuable book, 
= “Functions of The Alloying Elements in Steel”, 
00 400 1600 1800 2000 shows that up to a temperature of better than 1800" 
Heating Temperature, °F F. this particular steel stayed fine-grained; it coars- 
Aluminum-Treated Steels Are of the Type ened very slightly —not one A.S.T.M. number. 
Coarsen Abruptly at a High Temperature, (Bain) 
Then, depending on 
12 lime at temperature, it 
will show 0.15 to aad coarsened and at 1900° 
copper. Jt is all grains were 
unfortunate that cop- coarse. The steel has 
per once in steel does S 10 } some retarding influ- 
not get out; manga- S ence which regulates 
nese we want so badly 8 IF its grain size to a cer- 
and lose so easily to a9 tain temperature; once 
the slag in steel mak- ~ ad | that temperature is 
ing. Copper we don't § | reached, the grains 
particularly want and Ss grow rapidly. 
can't get rid of! = 6 Why are we inter- 
Gases in steel are e ested in grain size? We 
important but are not 8 St have good reasons; 
under control. (Sul = & All Specimens perhaps three are most 
phur and phosphorus 4 | Hare important to us: 
are important but are att l. Fine-grained 
under control.) Con- "; 3 4 5 6 7 8 g steels show better 
trol of inclusions, and ASTM Grain Size toughness at high 
gases like oxygen, Fig. 5 Ratio of Prior Austenite Grain Size to Energy hardness. Figure 5 


nitrogen, hydrogen, is 
even yet rather uncer- 


tain. Only recently 
has the technique of testing improved to a_ point 50 wa “ 
i Where we are able to show that damage is done by PA Fa 
. Control will follow. 
£40 
Grain Size Control 
aa 
| most important factor in the heat treatment S20 a a 
s the grain size, by which we mean the size 
licroscopic grains which is established at the 0 CoM 
_ im temperature to which the piece of steel is 2 | ore, 021 048 020 Fine Grain (Controlled) 
hh (rain size, in this sense, is also related to = 0.20 0.44 0.19 Coarse Grain, Not 
02) 074 O20 Fine Grain ‘Controlled 
un erature at which grain growth starts. -20 
‘ 10 2 
coarse and very fine grains are shown at U e , 4 6 8 U k 
‘ Number of Times Quenched 
Pa 1e 723 Fig. 6 Controlled Grain Size Steel Has Less Warp 
iin age Than Steels of Same Grade Without Grain Size 


Absorbed in Breaking Miniature Specimens of Eutec- 
Hardened to 


toid Steel, 


shows the results of 


Rockwell C-50. (Bain) 


Control, 


(From “Carnegie Controlled Carbon Steels”) 
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impact tests made on a ya NN C ODA Yi and sold to gra six 
given steel heat treated as 1 \ Mn 0.41 4, : limits. Almost the 
so its grain sizes ran & Si O14 / fi alloy steel is gra. size 
from No. 2 to 8 Impact \ // controlled. 

values in foot-pounds 60 Inclusions ré sent 
were recorded using / dirt in steel this 
unnotched bars, because S dirt seems to be \\ighh 
values with notched bars 55 \ / necessary for graiy six 
were so low. The coars- < control. Inclusions may 
ened steel (grain size \ A/ be deliberately 
No. 3) tested 3.5 ft-lb.; duced by regulating th 
grain size No. 5 was percentage of sulphur 
5 ft-lb.; at grain size No. " and phosphorus in orde: 
7 the energy absorbed 45 ' to improve machinabil- 
was 9 ft-lb. This is typ- \ we / itv; they seem to act as 
ical and no special case. \ one v4 points of weakness, and 

2. Grain size con- 40 \ Meee act by causing brittle- 
trolled steels will show I ee ness of the chip, so it 
less warpage, as Fig. 6 breaks freely. They als: 
(page 723) points out. Fig. 7 Influence of Austenitic Grain Size Upon give a chip that will not 
It records the “number the Hardenability of a 1-In. Round of 0.75% Plain pile up on the cutlies 

Carbon Steel, Water Quenched From Identical 

of times quenched” Temperature. Grain sizes and temperatures tool. Inclusions that ar 
versus “distortion” or required to establish these grain sizes are noted not required for machin- 
warpage measured on at the top of the figure. (Courtesy of FE. C. Bain) ability or grain size con 
the outside diameter of trol are embrittling and 
a C test specimen used in U. S. Navy specifica- should be avoided if possible. The aircraft 
tions. Three steels of a definite grade (OA0 car- industry is fussy about the “dirt content” o1 
bon) and closely similar analysis in carbon and “inclusion rating” of steels it uses. That is rea- 
silicon were tested. One specimen was fine- sonable, since the factor of safety in terms of 
grained, of controlled grain size. The other two pilots and passengers’ safety is much higher, 
specimens were non-controlled steels, but one vet the design must be refined to a point wher 
was fine-grained within the temperature of no excess metal can be carried. 

quenching and the other was coarse-grained. Inclusions are like any other form of note! 
Notice the distortion across the open end of the -they are internal notches and are far mor 
“C” was less than one-half for the controlled as damaging on hard steels than on soft steels 
compared to the non-controlled grain size steel This is obvious if you turn to the figures an¢ 
with any number of quenchings from two to 12. remarks about notches in the previous articles 

3. On the other hand, coarse-grained steels on impact and fatigue. Inclusions are stress 
harden better. Bain gives us Fig. 7 showing how raisers in themselves because they are discol- 
the hardness, edge to center, of a 1-in. round tinuities in the steel; such notches may easil 
varies with the grain size; steel, quenching tem- occur at some point where stress is alread) higl 
perature and other factors remaining constant. An example would be on the pitch line of gee! 
Various grain sizes were established by heating teeth — the stress is already high and then, wil 
to various temperatures as noted before bring- stress raisers present, stress concentration ! 
ing quickly to quenching temperature. Note that raised still higher and failure results. 
the bar with grain size No. 2 has a center 
hardness of C-50; with grain size of 5, we got Hardenability 
only C-38 at the center. 

Grain size control is secured in the steel “Hardenability” is the modern metallursic® 
mill by the deliberate production of certain battle cry! It is the latest evolution of chemice 
minute inclusions, which evidently scatter as analysis and grain size control. It mear> sp 
desired. The purchaser must specify grain size, cifying what is required in the way of res 0! 
but controlled grain growth steels are readily to heat treatment. It has been under dis: 5s!° 
available. A high percentage of carbon steels for many years, and very intensivel) the 
used for heat treating is grain size controlled past three or four years. It looks as if sel 
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lin vn to a useful test of a property which which do not harden through in 1-in. rounds; if 


t] 
ou pecified. vou test larger sized bars, there is no limit to the 
modern concept is quite fundamental. application, other than the problem of cutting 
Hal ibility is some form of expression which the hardened bar, which is hard to do without 
dep _on the critical cooling rate of the steel, tempering the hardened surface and without 
ol speed with which it must be cooled in taking too much time. 
orde harden. We may have to specify steel Another method for determining harden- 
on basis of hardenability when we do not ability consists of heating the 1l-in. bar to a 
net sh quality, if we want to be sure that the hardening temperature and then setting it over 
sec will harden all the way through. Steels a jet of water which hits only the bottom face. 
of diferent hardenability may require an air Consequently, on the side of the specimen we 
cool, water quench, or oil quench, and steels of have various cooling rates, and later can meas- 
various thicknesses will require cooling at the ure hardnesses representing cooling rates all the 


center at the correct rate to harden. 


way from that of a water spray down nearly to 


fhere are two fundamental ways of check- an air cool. This is a wide range test, vet its 
ing hardenability: results can be correlated with tests on fully 
i. Quench a bar of given size and take quenched bars, and with work on actual parts. 
hardness traverse, such as was done for Fig. 7; The reader may refer to two recent articles by 
a comparison of this hardness traverse with Water Jominy, the originator of the idea, in 


Fig. 8 {1 Group of 1-In. Bars of Carbon Steel, Quenched, Cut and 
Lightly Etched to Show Soft Center. One hardened completely. (Bain) 70 r 


others will show the differences in hardenability. 

2. We can check bars of various diameters, or 
we can check bars of a fixed diameter. For that pur- 
pose, l-in. rounds are very useful if the material is 
such that it does not harden all the way through in 
the standard quench. Figure 8 shows the cross-sec- 
tions of eight different bars of eight different harden- 
abilities. These are 1-in. rounds, cut after hardening, 
etched to show the hardened rim and the soft center. 
they vary from a very thin skin, typical of carbon 
loolsteels, up to steel hardened all the way through. 

licure 9 shows the hardness traverses of these 
steels. The one hardened all the way through is 
No. 8: it shows about Rockwell C-63 at the center of 
the I»). round. Number 1 with the thin skin is about 
the surface, but within 
| the center is down around 40. 


in. is down below 
a hardness test is very useful for steels 
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Merat ProGress, November 1940, 
p. 685, and April 1941, p. 447. 

Such a correlation is contained 
in Fig. 11. This plots the distance 
away from the water-cooled end 
against the Rockwell C hardness 
observed. In testing two bars of 
S.A.E. 4150 (No. 5 and No. 6) we 
find that even out 2% in. away, 
where the cooling rate is almost as 
slow as in air, the hardness is only 
down to C-42. The two heats of 
S.A.E. 3150 show some differences 
and vet the hardness at 1's in. from 
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Fig. 9 Hardness Traverses for 
the Eight Steels Shown in Fig. 8 
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the end is C-30, and 2! in. we had a Rockwell rd- 


is only down to C-20 to 30. ness of C-50; we then in a 
In the two heats of plain 


1050 carbon. steel, notice 


Jominy hardenabilit, tes; 
and find C-50 at 1 jp. 
how rapidly the hardness from the water-coolec end. 
falls off within 14 in. of the 
surface. (By the way, all 
of these are fine-grained 


Now we may be con ident 
that any other steels, » hich 
on a Jominy hardenadility 
steels.) test will show C-50 at 1% jn. 
from quenched end, will 
quench out much like the 


The correlation with 
cooling rates at the center 
of ccvivalent bars was original one did, when they 
are made into the same 
kind of part. 

The table below, col- 


established by Jominy at 
General Motors Research 
Laboratories, and he gives 


the vertical dotted lines. lected from various sources 


Fig. 10 Apparatus for End-Quench Test 


The cooling rate at *4 in. including the writer's own 
from the water-cooled end experience, shows the sizes 
is the same cooling rate as found at the center of bars that are fully hardenable — that is, will 
of a 2-in. round, quenched in oil. Two-inch develop a hardness of at least Rockwell C-50 at 
bars of these various steels were therefore the center when quenched as indicated. 
heated and quenched in oil, cross-sectioned and 
the center hardness taken. These black cross Size of Bars Fully Hardenable 
marks represent the center hardness so (Rockwell C-50 Min. at Center) 
observed; note how well they agree with the 
data arrived at from the value given us by the SAVE. Quency || Quencn 
end-quench test. A point approximately 1!y in. 
from the water-cooled end cools at the same rate 
1330 1% ti 3140) 
as would have obtained at the center of a 3-in. 1340 1% + X3140 2% 1% 
round quenched in oil, The checks shown by 2330 1 % || 4150) 3% 2 
black arrow heads are not quite as good here, 
but nevertheless they indicate a very nice cor- 1% % 4 
relation. 
I might point out another useful thing: We 
may make a gear or a shaft from a particular These are pretty interesting figures, particu- 
steel and find that at some point in that shaft larly when you correlate them with steel prices 
You will see that S.A.E. 2310 (mor 
a) expensive than 4150) is mucli less 
hardenable. (We will also see in 4 
60 later article that the physical prop- 
erties obtained on 4150 are just as 
good.) The 1300 steels are prac- 
tically as good as nickel of 
chromium steels in the matter 0! 
40 depth of hardening; they are almos! 
as good as nickel-chromium sicels 
Such a summary as this reminds Us 
that we must select steels wilh ccol- 
£0 omy in mind. We want the ‘ar! 
mum development of ays ‘abl 
10 properties, but higher cost d not 
Ro mean that the steel is better o 
V2? 24% Fig. 11 Hardness Along the § 
Distance fram Water-cooled tnd, Inches Bars, End-Quenched in the Jomin sl 
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“| judge the telephone company 


by the people who work for it” 


A little while ago a Vermont newspaper editor, John 


Hooper, commented on the telephone company and its 


people. His words express so well the ideals toward 


which we are striving that we quote them here. 


“t know how big the telephone 
iny is, but it is big enough 
my mental grasp of business. 

nt find myself thinking of 
iness, even in my day-to-day 
Rather, my attention is on 
that says, “Number, please.’ 
lf wondering if that voice 
: well as it always seems to, 
just as hot and weary as I 
uld say so if it wasn’t the 
it is. 
t time the business angle 

k heme was when I read 

end Carl had completed 

with the company. 


“Now it happens that | know some 
thing of the details of those thirty years 
with the company, and | believe they 
are a credit both to Carl and to the 
big business for which he works. 

“In 1907 Carl was a high school boy 
confronted with the need for earning 
money in his spare time. He happened 
to get a job as Saturday night operator 
in the telephone exchange. Ile worked 
at this job for three vears and then 
entered the univ ersity. 

“While in college he did some sub 
stituting at the exchange in his home 
town in vacations. After graduation 


he was hired full time by the telephone 
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company , not in an ‘executi\ e p sition 


which some folks think goes with a 
college diploma, but as a lineman. 

“Within a year he was made wire 
chief of the district, a job which he 
held for the next ten years. He was 
then transferred to a larger city as 
manager of the oflice. Then he was 
promoted to sales manager of the 
division. 

“A vear later he was sent to another 
State, as district manager, In less than 
a vear after this appointment, he was 
made manager for the entire State. 

“I don’t know much about the tele 
phone company as a business; I can 
only judge it by the people who work 
for it. Just where the dividing line is 
between a business and the people 
who work for it, | don't know. I don't 
think there is any line.” 


Bell Telephone System oN 


“THE TELEPHONE HOUR” IS BROADCAST 
EVERY MONDAY N. B.C. RED NETWORK, 
8 P.M., EASTERN DAYLIGHT SAVING TIME.) 
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C. G. Chambers ©, formerly H. W. Graham @. dire. of 
PERSONAL nN chief metallurgist, Reo Motors, research for Jones & Lo» iin 


Inc., Lansing, Mich., is now chief Steel Corp., Pittsburgh, has jeep 
metallurgist, Wayne Division, named chairman of the Co. mit. 
James B. Hess &, formerly Bendix Aviation Corp., Wayne, tee on Iron and Stee! the 


junior metallurgist, J. H. Wil- Mich. National Research Council's uth 


liams & Co., Buffalo, is now a : : American Committee 
G. B. Anderson ©, formerly ttee. 


metallurgist for the Dow Chem- 
with the Breeze Corp., Newark, 


ical Co., Midland, Mich. H. H. Bleakney @ is now «hie; 


N. J., is at present project engi- metallurgist with the now), 
Joseph A. Sarandria @ has neer in the research department formed Federal Foundries and 
joined Chisholm Boyd & White of Librascope, Inc., Glendale, Steel Co. at London, Ont 
Co. as a ceramic engineer. Calif. 


Transferred: Arthur J. Sikora 
&. from assistant metallurgist 
and foundry technician for 
Wright) Aeronautical Corp., to 


EVERY METAL SHOP ]) 
CAN NOW AFFORD wut 


lurgist in the mechanical section 
ROTO we LASTI Ni 5 of the Norton Co. research labora- 

tories. 
(IN FACT— CAN’T AFFORD NOT USING IT!) L. K. Vry @ of Caterpillar 
Tractor Co. is now a dollar-a-yeai 
man with the OPM in Washing- 
ton as assistant to the chairman, 
Tool and Equipment Priority 
Group in the Priority Division. 


J. Tucker MacKenzie is 
with the metallurgical laboratory 
at the Wood Works of Carnegie- 
Illinois Steel Corporation in 
McKeesport, Pa. 


* * FOR SPEED 


“ROTOBLASTING” means faster cleaning—faster removal of sand 


Edgar K. Mull @ has returned 
and scale—and faster delivery of finished product. Excuses and after nine years in England and 
apologies are worthless today—only performance and delivery is now chief metallurgist with 
count. If your shipments are delayed because of blast cleaning Bendix Radio Corporation, Balti 
slowness, your customers will buy from plants they can depend 

upon. They will buy from plants that ROTOBLAST their work to more, Md. 
assure leadership in blast cleaning. That’s why the army of 
Pangborn airless Barrels, Tables and Special Machines is growing 
so rapidly. ROTOBLASTING is SPEEDY! 


Transferred by Magnetic Anal- 
ysis Corp.: J. D. Wilfong, Jr. @. 


from sales and service enginee! 


* * FOR ECONOMY * x 


“ROTOBLASTING” is economical! When cleaning time is cut 2 or 
3 hours per day—when one man finishes in half a shift what five 


of the Pittsburgh district to devel- 
opment engineer at the laborator) 
in Long Island City, N. Y 


men formerly did in their combined fuli time—when power and 
labor and wear are all reduced to a fraction of their previous Alex R. Schoonover @. (0! 
cost—that’s economy! ROTOBLAST economy. 
More work is quicker less cost per meriy with 
ton—than ever before. Less fuss and bother. More production. 
Less dollar cost. No wonder installations are gaining so rapidly. 
ROTOBLASTING is ECONOMICAL! 


Send for descriptive literature today 


Steel Corp., Bridgeville, 
now an ordnance materia! pec 
tor for the Cincinnati Orc vane 
District. 


Cecil J. Bier @ is now 
A | G B eq ~~ ployed as metallurgist the 
| , Moraine Products Divis ol 


WORLD'S LARGEST MANUFACTURER OF DUST COLLECTING AND BLAST CLEANING EQUIPMENT General Motors Corp., ton, 
PANGBORN CORPORATION .. . HAGERSTOWN, MARYLAND Ohi 
110. 
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WAIT LINE FOR 


FURNACES 


To give immediate attention to your furnace prob- 
lems, we have expanded our drafting, engineering 
and fabrication facilities. Backed by 34 years’ ex- 
perience in furnace building—including the frenzied 
industrial rush of the World War—our staff of fur- 
nace engineers is especially trained in ordnance 
work. 


Whether it’s the production of shells, bombs, tanks, 
aeroplane parts, guns or armor plate—F & D can 
engineer an efficient, economical solution. 


Many of our standard furnaces can be changed over 
to handle all types of ordnance work in a very short 


{ssociated Com pany 


WEAN ENGINEERING 


COMPANY INC. 
WARREN, OHIO 


time. These furnaces have been improved and de- 
veloped through 34 years of manufacturing every 
type of heat treating furnace. 


In this time we have designed and built furnaces for: 
forging ... hardening . . . annealing . . . billet heat- 
ing. drawing . carburizing . .. bright annealing 
. controlled atmospheres ... scale-free hardening 
. bright hardening . . . scale-free annealing .. . 
normnalizing . . . special atmosphere . . . sheet and 
pair... plate heating . . . quenching and heat treat- 
ing machines . . . continuous conveyor furnaces of 
all kinds. 
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PERSONALS 


Thomas L. Fritzlen ©, for- 
merly metallurgist, Aluminum 
Co. of America, is now with Rey- 
nolds Metals Co. in Louisville, Ky. 


Herbert V. Thaden @ has been 
appointed manager, Commercial 
Department, Duramold Aircraft 
Corp., New York City. 


E. E. Legge @ has resigned as 
assistant director of research, 
American Steel & Wire Co., Cleve- 
land, to become general manager 
of Hart Mfg. Co., Hartford, Conn., 
manufacturers of electrical 
switches. 


Russell Lowrey @ has resigned 
as metallurgist with the Hydril 
Co. to become metallurgist and 
plant manager, California Steel 
Treating Corp., Los Angeles. 


ARE YOU OVERLOOKING THIS 
POWERFUL PRODUCTION TOOL? 
The problems of increased production are so 
many and varied that simple solutions are 
often hidden and difficult to perceive. 
Obviously, it is necessary to squeeze every 
ounce of production efficiency from existing 
tools and machines. This can best be accom- 
plished when cutting fluids are seriously rec- 
ognized as a factor of prime importance 
Perhaps you have overlooked the useful devel- 
opments in the field of cutting fluids that 
have accompanied improved machine 
and tool designs. The importance of 
such developments is evidenced by the 
interest in intensive research under way 
in the laboratories of leading univer- 
sities and machine tool manu- 
facturers. 
When a plant door is unwir- 
tingly closed to the results of 
scientific progress in the field of 
cutting fluids and cutting fluid 
applications, its production ex- 
ecutives are neglecting to use 
a valuable and immediately 
available working tool 
As a production executive in- 
terested in getting more out of 
existing tools and machines, by 
climinating such superfluities as 
tradition, reciprocity, etc., will 
you consider the following 
suggestions? They may solve your problems. 
WHAT YOU CAN DO ABOUT IT! 
1. Encourage your purchasing agent to con- 
sider bona fide new cutting oil developments. 
Ask him to open the door wide to the quali- 
fied vendors possessing the all important cre- 
dential of well founded information on the 
lubrication problems of today. 
2. Remind your factory manager, superintend- 
ent or test engineer that the policy of trying 
out well recommended cutting oil products can 
be of vital importance and may quickly open 
up bottlenecks in the road to increased pro- 
duction. 
3. Suggest to your metallurgist that machin- 
ability troubles can frequently be cured by 


getting the right cutting oil to fit the job, 
preferably selecting one with a sufficient fac- 
tor of safety to provide for occasional metallur- 
gical irregularities. 
4. Inform your tool engineer that when deliv- 
eries of small tools are slow or difficult to 
obtain, it may be that the opening of the door 
and the help of a qualified cutting oil engineer 
may prolong the life of the tools on hand, 
thereby reducing appreciably this particular 
bottleneck in a quick and simple way. 
WHAT WE CAN DO ABOUT IT! 
1. Wecan through an informed and alert 
personnel immediately present to your 
organization timely information cover- 
ing the most efficient cutting oil appli- 
cations for ALL metal cutting 
operations. At the present time 
the problems involved in the 
manufacture of gun barrels and 
mechanisms, military tanks, 
ammunition, airplane engines 
and other similar items are, 
because of the emergency, par- 
ticularly important. 
2. We can present to you com- 
plete cutting oil research facil- 
ities, together with broad prac- 
tical experience gained from 
working hand in hand with the 
manufacturers of small tools, 
builders of machine tools and 
makers of alloy steels. 
3. We can give you the benefit of years of ex- 
perience in supplying cutting oil products and 
cutting Cii engineering service to the largest 
consumers in the most highly competitive in- 
dustries. We are today providing government 
manufacturing plants (armories and arsenals), 
airplane engine builders, and the earlier manu- 
facturers of munitions with a quality of cutting 
oil products and a specialized cutting oil appli- 
cation service that saves tools and speeds up 
production. 


YOU OPEN THE DOOR-—-WE WILL SERVE YOU WELL 


D. A. STUART OIL CO. 


LIMITED . Est. 1865 
2727-2753 SO. TROY STREET + CHICAGO, ILL. 
Warehouses in Principal Metal Working Centers 
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Vance Ferguson @ 
transferred from Americ: Stee] 
Foundries Research La} tory 
to assisiant chief chemis! the 
Granite City plant. 


Eugene Tsao &, D.Se. iy 
lurgical engineering, Un. orsity 
of Michigan, is now meta! gical 
engineer of the Universal | -ading 
Corp., New York City. 


Transferred to the iristy 
Park Works of National Tube Co 
and appointed assistant chie/ 
metallurgist: William R. Davis @. 
formerly in the Pittsburgh office 


Promoted by Pittsburgh Stee 
Co.: Charles L. Labeka &, from 
openhearth metallurgist to plant 
metallurgist in the Monessen 
Works. 


Frank O. Fischer ©, for mor 
than 12 years with Magneti 
Analysis Corp., has recently beet 
promoted to chief sales and sery- 
ice engineer. 


Donald Lapenta ©, former!) 
with Uniteast Co., Toledo, Ohio 
is now metallurgist with Com- 
merce Pattern Foundry and 
Machine Co., Detroit. 


William B. Brooks © has 
resigned as metallurgist, Stainless 
Steel Division, 
Steel Corp. to accept a position as 
metallurgist for Cramp Shipbuid 
ing Co., Philadelphia. 


Henry Orth @ is now workins 
as assistant metallurgist at th 
Stewart-Warner Corp., Chicago 


J. L. Miller @ has left [linow 
Institute of Technology to ser 
as metallurgist for the Fireston 
Tire & Rubber Co, Akron, Obi 


J. W. Barnet ©, formerly wil 
the Continental Can Co. Resear 
Department, is now 
with the Tin Research Project * 
Battelle Memorial [pstitul 
Columbus, Ohio. 


Transferred by Brown 
ment Co.: K. L. Wilson [rol 
the Indianapolis offic: ‘o th 
Cleveland office as in tra 


manager. 


| 
t 
1S 
| 
ar 
| 
ty 
War 
Hie 
Ss. 
| 
he 
kes 
Les 
j 
i 
“ 


FIRTHITE TOOL 


(SINTERED CARBIDE} 


.“ M AK E : YOUR OWN | ce We have added 176 NEW Standard Sizes to | 


ly 
10 
ni FIRTHITE CARBIDE TOOLS! the FIRTHITE line of Carbide TIPS for 
nd 
making your own Cutting Tools. Increased | 
Don't slow up production for lack of enough Cutting | 
" Tools. Join the increasing group of manufacturers production facilities assure prompt delivery 
who make their own FIRTHITE Tools from Standar of tips special prices. 
9s FIRTHITE Tips. Only FOUR basic steps are required 
d to make these superior tools in your own shop. Infor- FIRTHITE Standard Tips now embrace 
ti r St. 
Se almost the whole field of single point tool 


—e requirements and will fit a wide variety of 


Steel Shank to 


special tools. Sizes range from Yg"x5/42"x 


up to and including 34"x1%4" in styles 
Grind clear- 
ance angles 

assembled 


| “tip” 
ip on 


and grades to meet your needs. 
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W. E. Griffiths @ has resigned L. W. Krum @. fo rly 
PERSONALS as representative of the Stainless observer foreman, meta gical 


Steel Division of the Carnegie- department, South Worl — (ay. 
Illinois Steel Corp. to accept a negie-Illinois Steel Corp., 
Paul L. Butler @ has moved to position as manager of the Devel- has been transferred to th: rain 
Columbus, Ohio, to take a posi- opment Engineering Division of Division, Johnstown, i. 
tion as research engineer at Bat- Allegheny Ludlum Steel Corp., assistant to the superinten. pt o; 
telle Memorial Institute. Pittsburgh. steel foundries. 
R. F. Marande @ has accepted Frank W. Littleford & is now K. W. Hathaway @ bos heey 
a position in the metallurgical employed as chief metallurgist placed in charge of a nore 
research laboratory of the Dow by the Oliver Farm Equipment opened office of Revere ( or & 
Chemical Co. in Midland, Mich. Co., Charles City, Towa. Brass, Inc., in Dayton, Oh 


N. E. Dunning & has a position 
as construction engineer with th 
Hercules Powder Co. at the new 


smokeless powder plant neal 
Radford, \ 


Frederic H. Wright @ has 
the U.S. Assay Office in New Yor! 
to enter the Bureau of Mines East 
ern Experiment Station at Colley: 
Park, Md. 


Ralph H. Houghton @ bias bee 
transferred from. the chassis 


engine department of Packard 
PHYSICAL PROPERTIES Motor Co, to the aireraft engin 
Tensile 70— 85000 PSI Yield 60— division, metallurgical depar! 
: 75000 PSI El. in 2” —17-22% R A 52- ment, as a metallurgist. 
60% for 1” Round cold drawn bar. 
Excellent shock and fatigue values. William R. McCormick © has 


3. SMALLER INVENTORY 


ment of the National Tube 
Due to Versatility of Speed Case 


INCREASED PRODUCT ION 


Promoted by American Stee! & 
Wire Co.: Earl H. Dick ©, 
works metallurgist superin 
tendent of wire and wire prod- 
ucts, Donora Steel and Wir 
Works. 


Stanley D. Zemansky 
merly assistant research enginee! 
North American Aviation, In 
Inglewood, Calif., is now process 
engineer in Dallas, Texas 


H. L. Brunner @ is on leave’ 


absence from Jones & | hl 
Licensor Steel Corp., serving as U.S. Art) 
MONARCH STEEL COMPANY inspector at the Ravenne 
HAMMOND INDIANAPOLIS CHICAGO nance Plant, Ravenna, 
PECKOVER'S LTD., Toronto, Canadian Distributor 
L. E. Simon @, former!» mets! 
ver States lographer with General 
THE FITZSIMONS COMPANY Research Laboratory, ain 
YOUNGSTOWN, OHIO metallurgist, Special zines 
Division, Electro-Motiy orp 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS La Grange, III. 
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One of the many FAHRITE 
Heat Resisting Castings 


Contributing to 
SALES OFFICES 


NEW YORK CITY 
PHILADELPHIA, PA. 
CHICAGO, ILL. 
CLEVELAND, OHIO 
TULSA, OKLA. 
HOUSTON, TEXAS 


Defense. 


PLANTS. NEW ORLEANS, LA 

LOS ANGELES, CALIF 
SS LIMA, OHIO TOLEDO, OHIO 
SPRINGFIELD, OHIO DETROIT, MICH 

STEEL FOUNDRY CO. 


LIMA, OHIO SPRINGFIELD OHIG 
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HEAT AND CORROSION RESISTING ALLOYS 
| 
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PERSONALS 


Frederick W. Schiefer © is 
now general manager of the F. 
W. Schiefer Machinery Co., Roch- 


ester, N. Y. 


Paul G. Nelson @ is now 
employed at Budd Mfg. Co., 
steel 


Philadelphia, stainless 


metallurgist. 


G. H. Bendell @ has been 
transferred by American Steel & 
Wire Co. from superintendent at 
Waukegan Works to assistant 


general superintendent of Joliet 


(Ill.) operations. 


William G. Brown 6, for- 
merly foreman, Winchester 
Repeating Arms Co., New Haven, 
Conn., is now superintendent of 
the casting shop for Allied Brass 
Limited, Montreal. 


SOUND CASTINGS 


because they're Experienced Castings 


High temperatures 
and corrosion play no 
favorites. They attack 
and keep on attacking 
the castings used in 
equipment and parts. 
There's no let-up. 

Only sound castings 
can survive these at- 
tacks. Analyses and 
grain structures must 
be right. 

Granting these prem- 
ises, don’t you think 
that your best bet on 
high alloy castings is 
to go to experienced 
chrome-iron and 
chrome-nickel metallur- 
gists and foundrymen? 

Duraloy offers 19 
years’ experience in 
this exacting work. 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 
Eastern Office: 12 East 4lst St.. New York. N. Y. 


Detroit Scranton, Pa. 
The Duraloy Co. 
of Detroit Coffin & Smith 


St. Louis Los Angeles 
Great Western Steel 
Metal Goods Corp. Company 
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G. Lewis Perkins ©, for 


with Rustless Iron and Ste 0. 
is now in the metallurgic: ib- 
oratory, Newburgh Works, er- 


ican Steel & Wire Co., Cley. ing 


Thomas F. McCormick © has 
been made chief plant met. ||yr- 
gist of the Lafayette Wor s of 
ihe Aluminum Co. of America in 
Lafayette, Ind. 


Andrew W. Hamilton & has 
been graduated from the Army 
Industrial College in Washington. 
D.C., and is now stationed ip 
Philadelphia engaged in procure- 
ment of ammunition. 


Richard M. Jansen ©, for- 
merly with Steel Tank & Pipe Co, 
Berkeley, Calif., is now employed 
as an engineer with the South- 
west Welding and Mfg. Co, 
Alhambra, Calif. 


Marshall G. Whitfield ©, for- 
merly with Reynolds Metals Co., 
has gone into consulting work 
with V. Sheshunoff on aluminum 
coated steel and allied problems. 


Gerald D. Rahrer © has been 
transferred from the U.S. Steel 
Research Laboratory at Kearny, 
N. J., to the Research Laboratory 
of the Gary Works, Carnegie- 
Illinois Steel Co. 


Lorenz W. Rinek @, formerly 
metallurgical observer in_ the 
Universal-Cyclops Steel 
Bridgeville, Pa., has been called 
as 2nd 


Corp. 


to extended active duty 
lieutenant in the Ordnance De- 
partment, U.S. Army, and is 
scheduled to go to Fort Bliss, 
Texas. 

George V. Darchuk @ is work- 
ing for the National Advisors 
Committee for Aeronautics as 4 
junior mechanical engineer oD 
the engine research laboratory 
being built in Cleveland 


J. Louis Bauer, Jr. @ 


leave of absence from Standard 
Oil Co. of New Jersey, i Is 
serving as 2nd lieutena in 


charge of the Blacksmit and 
Welders School of the rter 
master Replacement Center, 
Lee, Va. 
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SPECIAL QUALITY BILLETS AND BARS, OXI- 
DATION AND CORROSION RESISTING STEELS, 
TOOL AND SPECIAL STEELS, AIRCRAFT 
QUALITY STEELS, STAINLESS STEELS 


. 


eh, 


TOOL AND ELECTRIC 
FURNACE ALLOY STEELS 


_ “Special Quality” Tool and Electric Furnace Alloy Steels are the prod- 
uct of an experienced organization of specialty alloy steel-makers—working in 
a modern plant especially designed and equipped for the efficient production of high- 
grade electric furnace alloy steels. 

Aristoloy “Special Quality” Electric Furnace Steels include Tool Steels, Stainless 
Steels, Oxidation and Corrosion Resisting Steels, Aircraft Quality Steels, Valve Steels, 
Special Steels, etc. 

Aristoloy “Special Quality” Tool and Electric Furnace Alloy Steels are melted in 
small furnaces ranging from 6 to 35 tons (rated capacities), and cast in small ingots using 
stationary molds and twin nozzle teeming. Our ample heating and rolling capacity, 
producing a wide range of sizes, can handle the entire electric furnace output. A 
modern metallurgical and chemical laboratory, centrally located within the plant, 
controls the quality factors in all operations. 

Aristoloy ‘Special Quality’’ Tool and Electric Furnace Alloy Steels are available as 
Blooms, Billets or Bars—Hot-rolled, Annealed or Normalized, Spheroidized-annealed, 
Heat-treated, Straightened, Turned, Centerless-ground, Cold-drawn, or in any com- 
binations of these conditions and finishes. Blooms and Billets may be either rolled 


or pressed. 
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WORK HARDENED ROPE WIRE 


By E. 


ww" ROPE used in mining, in 
particular haulage rope, is 
subject to severe wear in service, 
which reduces the cross-section 
of the outer wires, and gradually 
reduces the strength of the rope. 
A more serious effect is the for- 


Tr ni 


mation of a brittle surface on the 
wire, Wherein cracks form and 
these can lead to the rapid fail- 
ure of the outer wires’ before 
they have been seriously reduced 
in cross-section. 


This type of deterioration is 


ROUND PEGS 


for round production holes 


If there were just one stainless and heat- 
resistant steel, instead of dozens of vari- 
ations, life would be simpler for us and 
a lot tougher for vou. In facet. after one 
trial, youd probably swear off stainless 
forever. 

But we make stainless to fit- produce 
it with the proper analysis, physicals, 
ete. to meet the eventual conditions of 


service. vet fabricate easily and inex- 


ALLEGHENY LUDLUM STEEL CORPORATION 


pensively in your plant. \nd we continue 
to produce your particular grade in close 
uniformity, lot after lot. 

Vhat’s a job which calls for the tech- 
nical skill and experience of a pioneer, 
Its something for vou to remember, 
along with the fact that Allegheny Stain- 
less is produced in every needed form or 
shape. and available from) convenient 


stocks nationwide. 


* GENERAL OFFICES: PITTSBURGH, PA. 


Stocks of Stainless carried by all Rverson Warehouses 


STAINLESS STEELS PRE-PLANNED 


TO YOUR NEEDS 


Write for a copys 
of our vew “Hand 


book of Special Name 
Steels.” Send the 

coupon to Alle- 

ghens Ludlum Nireet 
Steel Corporation, 

Oliver Building, 

Pittsburgh, Penna. Cats 


“Sate 
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difficult to deteet by insp 
and is therefore more dan: 


us 
Examination under the ro- 
scope shows a layer of ar- 
tensite, of maximum. thi ess 


approximately 0.003 in., ¢ ing 
part of the worn surfaces 

The area covered by any one 
layer of martensite on the worp 
surface is comparatively small 
and is in the form of a narrow 
strip extending in the direction 
of rubbing, that is, along the axis 
of the rope. In lang-lay rope the 
strip extends diagonally across 
the worn surface of the wire. 
The small size of the martensitic 
areas indicates that the area of 
contact between the wire and the 
rubbing agent is very small and 
thus the local pressure may be 
very high. 

Sometimes several layers oi 
martensite are produced one on 
top of the other, the last layer 
formed in each case tempering 
the layer immediately preceding 
it. From this, some estimate of 
the temperature gradient caused 
by the friction may be made; if 
is about 275° F. per 0.001 in 

Heating and cooling of the 
surface layer must take place in 
a very short space of time —a 
few seconds if not less. The 
transformation on heating to 
austenite must proceed very rap- 
idly, facilitated by the fact that 
in rope wire the carbide is very 
finely dispersed. The micro 
structure of the sorbite (fine 
pearlite) is either not resolvable 
or only just resolvable at a mag: 
nification of 1000) diameters 
Coarser carbides would require 
either a longer time or a highe! 
temperature for their comple! 
absorption into austenite. \\ here 


there are ferrite streaks al the 


grain boundaries, these are ire 
quently not dissolved in! the 
austenite on heating, anc at 


visible in the martensite 
(Continued on page 7} 


*Abstracted from “The 
tion and Properties of M SI 
on the Surface of Rope W! 
E. M. Trent, British Iron 4 
Institute Advance Paper, M 
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necial St 


RB. attractiv elpftul 124-page 
dbook con! the properties. 
c and fat rs of stainless, 
trical, car and other steel 
putactured the Allegheny 
- Stee! rp. is available. 
De 92 
igh Speec Steel 
Bnew 12-pa booklet which de- 
Shes Jessops M molybdenum- 
sten high speed steel has just 
» published by the Jessop Steel 
Bulletin De-173. 


ee Machining 
Reserve your copy of new twenty- 
me story of Speed Case and 
ed Treat. This booklet covers 
properties, compares this 
L |. Holliday & Co. steel with SAE 
>) and others. Explains how man- 
sece and sulphur content plus 
nt manufacturing processes pro- 
e free machining combined with 
caratively high physical values. 
> contains machinability carbu- 
inc tables and pictures applica- 
s. Bulletin Kd-293. 


eel Data 

Zen colorful leaflets each describ- 
2 popular grade of tool or high 
cation information, etc., have 
ed steel and giving useful data, 
n issued by Vanadium-Alloys 
Co. Write for Bulletin Kd-294. 


§ Types 
Properties, fabrication, corrosion- 
isicnce and applications of Re- 
© Steel Company's ENDURO 
are covered in a new 24-page 
et. Bulletin Be-8. 


trd Facing Alloys 
for maximum resistance to wear 
corrosion, the Wall-Colmonoy 
offers a fact-packed folder 
n is extremely helpful to any- 


Aaving this problem. Bulletin 
twenty page. fully illustrated 


fet on N-A-X high tensile low 
steel has been published by 
' Lakes Stee! Corporation. This 


has been thoroughly proved in 
cations where ordinary high 
He steels have failed. Bulletin 


43 


te Machining Steels 


peed Case and Speed Treat, two 
with in ised machining 
e ies, are ribed in litera- 
Svailable igh Monarch 
Bulle 4-255. 

elded Steinless Tubes 
stri 5-page booklet 
ions on Welded 
ss Tubin by the 
penter Stee 


Bulletin Kd-12. 
eets 


& Co. gives 
‘operties, heat 
and applica- 
mo, and S.A.E. 
e and easily 
Ox-74. 


Columbium 


“Advantages of Columbium in 
Wrought 4 to 6 Per Cent Chromium 
Steel” is the title of a booklet made 
available through the Electro Metal- 
lurgical Co. which gives detailed 
test data to prove its advantages. 
Bulletin Cc-16. 


Cr-Ni-Mo Steels 

A Finkl & Sons’ catalog is really 
a technical treatise on chromium- 
nickel-molybdenum steels for forg- 
ings. Pocket size, 104 pages, cloth 
bound, illustrated by photographs. 
charts and tables. Bulletin La-23. 


Meehanite Castings 

An interesting. well-illustrated 49- 
page booklet, “Meehanite in In- 
dustry”, covering applications of 
Meehanite castings in a variety of 
industries is now available through 
the Meehanite Research Institute of 
America, Inc. Bulletin Ce-165. 


Melting @ 
Casting 


Core Making, Baking 

A very striking new 14-page folder 
released by the Despatch Oven Co. 
will be helpful to those engaged in 
core mcking and baking because it 
explains fundamentals of good core 
making and shows better ways of 
handling cores. Bulletin Ee-123. 


Foundry Sand 

A pamphlet issued on TAM 
Foundry Zircon Sand and TAM Zir- 
con Flour contains detailed infor- 
mation on these products of the 
Titanium Alloy Mig. Co. Bulletin 
Hc-90. 


Aluminum Castings 

An aluminum casting alloy is an- 
nounced by the National Bronze and 
Aluminum Foundry Co. of Cleve- 
land. Known as the T-1 aluminum 
alloy, it has a tensile strength up 
to 33,000 psi. without heat treatment. 
A folder gives complete data, com- 
position and detailed information. 
Bulletin De-307. 


Diecasting Machines 

A new high-pressure hydra 
diecasting machine specifically de- 
signed to solve modern production 
problems is illustrated and discussed 
in an imposing new folder by the 
G & N Mig. Co. Bulletin Ee-308. 


Degreaser 

Degreasing machines for prac- 
tically every cleaning job are de- 
scribed in literature made available 
through the Detroit Rex Products Co. 
Bulletin Hc-111. 


4 


Rust Preventative 


How to prevent rust effectively is 
related in a bulletin issued by the 


Alox Corp. Describes their method 
which is being used successfully in 
a wide variety of forms. Bulletin 
Nb-212. 


Cadmium Plating 


Concise, practical information for 
the operating plater is included in 
an up-to-date manual on cadmium 
plating released by E. I. DuPont de 
Nemours & Co., Inc. Bulletin Hd-29. 


Rocker Barrels 


The operation of cleaning miscel- 
laneous items of gray iron, steel, 
semi-steel malleables, forgings. 
plate, bars, bronze and other cast- 
ings by the Airless Rotoblast meth- 
od is described fully in a handsome 
booklet by the Pangborn Corp. Bul- 
letin Ae-68. 


Mounted Wheel Chart 


A convenient ready reference wall 
chart showing mounted grinding 
wheels should be of great advan- 
tage in the cleaning room. pattern 
shop, tool and die room, and many 
other places. It gives at a glance. 
by means of detailed drawings, ac- 
tual size, the exact radius of each 
wheel and its exact shape. Chicago 
Wheel & Mig. Co. Bulletin Bd-230. 


New Cleaning Process 


A new process for cleaning brass, 
copper and zinc alloys before plat- 
ing to provide better removal of oil. 
grease, smutty deposits and soap 
films to assure better plate adhesion 
is described in Oakite News Serv. 
ice, house magazine of Oakite Prod 
ucts, Inc. Bulletin De-296. 


Rotary Files and Burs 


A variety of high-speed Rotary 
Files and Burs plus other necessary 
shop equipment is included in the 
complete catalog available through 
the Martindale Electric Co. Bulletin 
Kd-282. 


Metal Blackout 


The JETAL process for blackening 
iron and steel quickly and thor 
oughly at low cost is described in 
literature available through the Al 
rose Chemical Co. Bulletin Cd-256. 


Heat 
Resistant 
Metals 


Heat and Corrosion 

A catalog showing various uses 
ef Fahrite to resist heat and corro 
sion has been prepared by the Ohio 
Steel Foundry Co. Bulletin Kd-40. 


X-Ray Inspected 


Castings 

All types of heat and corrosion 
resistant castings made with exten- 
sive use of “X-Ray Inspection” and 
modern foundry methods are shown 
and described in a 16-page two- 
color booklet made available by the 
Electro-Alloys Co. Bulletin Ld-32. 


Heat Resisting Alloys 

Authoritative information on alloy 
castings. especially the chromium. 
nickel and straight chromium alloys 
manufactured by General Alloys 
Co. to resist corrosion and high tem. 
peratures, is contained in Bulletin 
D-17. 


Refinery Alloys 

Special alloys for refineries, cor 
rosion, temperature, and abrasion 
resisting are covered in a colorful 
folder produced by the Duraloy Co. 
Bulletin Kd-233. 


High Temperature 

High temperature uses of Monel, 
Nickel and Inconel are analyzed and 
pictured in a recently printed bul 
letin released by International Nickel 
Co. Bulletin Kd-45. 


J 
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Send me the literature circled below. 


Please Print Full Name and Address Clearly 


Numbers are listed in the same order as the literature described— 


circle the numbers that interest you. It is important to write in 
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scopic eXamination may indicate deepened by repetition | th 


ROPE WIRE the nature of the material against wire breaks. 


Which the rope was rubbing. Cracks are most fr nth 

These thin layers of mar- found at or near a point re 4 

(Continued from page 740) tensite are very brittle and can layer of martensite h heen 

In rubbing against any metal withstand very little, if any, plas- reheated by the overlap, of | 
object the rope wire may seize tic deformation. Thus it is usual second layer. Thus, suf! jenth 
onto it, and this leads to the to find it to contain numerous high rubbing stresses poy, py 
rapid wear both of the rope and cracks. Onee a crack is formed themselves, cause failu pr r 
the other object. Particles” of it acts as a stress raiser. The haps by a wedging acti evel 
metal may be welded onto the bending stresses induced in the though the actual loads on th 
rope wire by the high pressure wire are concentrated at the base rope are safe and the pulley 
and temperature, and micro- of the crack, which is rapidly diameters sufficiently lay 


Martensitie layers produced 
in the laboratory by striking th 


wire a glancing blow were easily 
cracked by bending the wir 


F through an angle of 20° over 4 
radius. the reverse- 

bend test over a 5-mm. radius. 4 


wire with martensite on the sur- 
HEAT TREATING FURNACES face broke after seven bends 
while a wire without martensit 
withstood nine or ten bends 
A full series of fatigue tests 
might compare wires with and 
Here are the im- without martensitic coatings 
portant Despatch Our less exhaustive results, how- 
Furnace Features 
that cut produc- 
ta coat, starting without cracks, hos 
countless impor- little influence on the fatigu 
tant industries. limit or on the number of rev 
They guarantee sals to failure up to a stress 
straight line con- 
trol, uniformity 
and operating 


ever, indicate that a martensi! 


approximately 100,000 psi. How- 
ever, if the martensite w 


economies in the cracked before the test t! 
range 275° F.— fatigue limit would be great) 
1200°F. lowered, since these cracks wot 


act as stress raisers. <Aiso, 


reversed stress were raised | 


point where the plastic deforn 
SUPERIOR FURNACE PERFORMANCE tion of the wire itself was com 


paratively large, the martens! 


To heat treat steel, to stress relieve castings and . _— tj. 
being unable to deform plas 
welded parts, to solution heat treat or age aluminum : 
and magnesium castings, to pre-heat aluminum sheets cally. would be cracked durin: 
hare torging THE DESPATCH CON- 
the first few reversals of str 
VECTED AIR FURNACES are designed and built 

tor superior performance The oversized fan assures and the wire would fail pid ’ 
heat wil! be rapidly distributed to every part of the oan es tin 

load, whether load is dense, coarse or combination The martensit 
lhe heat dynamics have been perfectly suited to batch appeared to have little cl 
type, pot type and conveyor type furnaces Despatch 
will advise vou how these furnaces can improve your the tensile stre ngth 
heat treating. Full details of all Despatch features torsion test. 
are diagrammed and illustrated in Bulletin No. 
Under certain 
Write Today for Bulletin No. &1F. Ah. 
tensite containing crack us 
the formation of corr n | 


p A T ( on the worn surface wil 
When these pits take U rm 0! 

0 m P n sitting’ they ind te 


MINNEAPOLIS, MINNESOTA ee sk martensite is probably | 
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FRACTORY 
[ATERIALS 
Pus magnesia, which is 
esper suitable for melting 
metals. both ferrous and non- 


electric induction 


ferrous In 

furnaces, has a melting point 
of 2350° Centigrade. It is 
exceedingly high in heat con- 


ductivity and electrical resist- 
ance. The coeflicient of ex- 
pansion is 0.0000135 em. per 
degree Centigrade. It has a 
hardness of about six. It is 
furnished in various forms but 
usually as a cement composed 
of the refractory magnesia 
grains plus suitable ceramic 
bonding material. 

CrysSTOLON, or silicon car- 
hide cements are particularly 
suitable for lining pit furnaces 
and crucible furnaces and for 
making monolithic linings and 
for general tamping opera- 
tions. CRYSTOLON cements 
can be made very dense and 
resistant to slag. They with- 
stand thermal shock unusually 


well. 


ALUNpwuM or fused alumina 
cements are stable under oxi- 
dizing and other chemical con- 
ditions, they provide’ very 
heat transfer and their 
resistance to high temperature 
is excellent. The fused alu- 
inina used in the preparation 
of these cements has a melting 
point of 2050° Centigrade. 


NORTON REFRACTORY CEMENTS 


FOR RAMMING OR TAMPING 


(Figures indicate approximate hardening temperatures 


Maturing temperature is the 


point at which sintering takes place 


f 1000° ©. 


RA 


Burner block tamping cement 


s00° 


RC-1133 
1460° F. 


Patch cement 


Pit furnace linings 


1000° 
1830° F. 


Electric induction furnace linings 
Brass alloy melting 


Indirect are furnace linings 


1200° 


RM-868 2190° F. 


Crucible linings 


1200° C, 


105 
RM-1005 2190° F. 


1000° C, 


C-—1182 medium fine < 
R 1] me 1830° F. 


Monolithic linings 


Patching 


RM-1114 med. coarse | 1200° 
RM-—1118 coarse 2190° F. 
Electric induction furnace lin- 
ings in ferrous and non- 


ferrous melting 


1000° 

C-1131 coarse 

R 1830° F. 
Pit furnace linings 

Crucible furnace linings 


Monolithic linings 


Tamping 


RM 998 
1200° 
RM-1140 
2190° F. 
RM_—1162 
Electric induction furnace lin- 
ings 
High copper alloy, cupro-nickel 
and leaded bronzes, silicon 


and aluminum bronzes 


NORTON COMPAN 
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Refractory Shapes, Cements G& Grains in 
CRYSTOLON (silicon carbide); ALUNDUM (fused alumina); 


and Fused Magnesia 


Y, WORCESTER, MASS. 
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Cc R EE P oO 


E A D 


Sy Neill ( ireenwood and H. kK. W orner 


REEP is partly a “viscous” 

movement and partly erys- 
talline slip, so the limit of pro- 
portionality can be taken as an 
approximate guide to the critical 
above which 


stress ervstalline 


slip becomes effective. It was 


thought that lead would be a good 
metal to investigate the viscous 
movement, but the experiments 
showed creep curves of rolled 
lead and its dilute alloys under 
prolonged stress are of four dis- 


tinet types. 


~DETREX meets tHe 


METAL CLEANING NEEDS! 


In plants of every size... in 
every section of the United 
States and Canada... Detrex 
cleaning equipment and ma- 
terials are in daily use. 


Offering close cooperation with the 
users of these products is a Detrex 
organization of experienced clean- 
ing engineers with offices in a num- 
ber of key cities. 


Detrex Degreasers and Washers, 
Perm-A-Clor and Triad Stabilized 
Safety Solvents, and Triad Alkali 
Cleaners are engineered to give you 
fast. flexible and economical metal 
cleaning. 


Wherever you are ... whatever your 


metal cleaning job... you can de- 
pend on Detrex. 


DETROIT 


HILLVIEW AVENUE 


©Verhead oy, 


L N 
“N.Y. a mod 
~ el 2D 
ron built-in 
e cl i 
electrica] 
At SOUTH 
GATE, 
Perated Detrex degrease 


Ng parts for Plating 


9a8-heateg 
P tank and 
finishing of 


PRODUCTS 


R EX COMPANY 


DETROIT, MICHIGAN 


a 


Ottices In Principal Cities of U. $. A.—In Conede: Conedion Henson & Von Winkle Ce., Terente, Onterie 
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Three leads were s| 
very pure electrolytic | 
total impurities eg 
0.0004, lead SA with 123 


impurities, and lead With 
0.0023 bismuth, 0.0042 any 
mony, 0.0008 sily: and 
0.0015° other impuriti: 
Creep curves of | pe A 
showed marked strain he lening 
in the early stages after which 
recrystallization occurred. Peak 
in the curves correspond with 
re-orientation of the erystals j) 


the specimen. Near the end 
the test, several marked d 
in the creep rate were observed 
and, although this 
observed frequently, no satisfae- 


has beer 


tory explanation has been found 
Test pieces eventually fail in 
duetile neck 
out to a knife-edge. 


manner, and 

In curves of Type B the cree 
rate first 
changes to the strain hardening 


increases and lat 
type, and there are no deviations 
due to re-orientation. If lead 
quickly cooled from 250° FP. a 
a creep test (loaded over the eri! 
ical stress) is started within tw 
days, the creep rate increases 
first and this period is follow 
by strain hardening. There is! 
recrystallization, and the pie 
fails by intererystalline cracking 
A reversion to type A or D occurs 
if the specimen is allowed 
stand at ordinary temperatu! 
before stressing. 

In curves of Type C the ere: 
rate continues to increase [1 
the beginning. 
erally fail with greater eclong 
tion than Type A samples, ¢\ 
though they developed mar 
intererystalline cracking 
very little reduction of ares 
the fracture. 

Type D is the norma! str 
hardening type of creep cur 
obtained with metals which : 

(Continued on page 


Test pieces gen- 


*Abstracted from 
Creep Curve Obtained \\ 
and Its Dilute Alloys”, ! 
Greenwood and Howard ! 
Journal Institute of Meta 
page 115, 1939. 
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DLVENT DEGREASING and ALKALI CLEANIN 


SYMINGTON- 
GOULD CORP, 


STRONG STEEL 
FOUNDRY CO. 


AMERICAN STEEL 
CASTINGS CO. 


Fields in Which 
STEEL CASTINGS 
Are Constantly Used 


Aeronautical 
Agricultural Machinery 
Automotive 


DODGE STEEL 
COMPANY 


UNICAST 
CORPORATION 


ELECTRIC STEEL 
CASTINGS CO, 


Bearing 
Boiler, Tank & Piping 
~ Bridge 
STEEL CASTINGS Chemical & Paint Works 
Compressors (Pneumatic) 


Conveyor & Material Handling 


provide the great strength Crushing Machinery & Cement Mil! 
and safety required of de- Dredge . 
f d t Electrical Machinery & Equipment 
ense proaucts. 
Engine 
reduce weight without low- Food Processing & Packing Plant 
ering strength. : Foundry Machinery & Equipment 
: , Gas Producer & Coke Oven 
make possible the reduction Geen 
of elaborate assemblies to Heat Treating Furnace & Equipment 
. Hoist & Derrick 
single units. lron & Steel Industries 
Metallurgical Machinery 
assure uniform structure, Mining Machinery & Equipment 
wide range of mechanical Oil or Gas Field & Refinery 
P rtie low fi h Overhead Crane & Charging Machine 
costs, high fatigue resistance Paper Mill 
and long life. Printing Press 
Pump 
Railroad 


The leading manu- 

facturers listed here 

stand ready to serve 
you. 


Refractory, Brickyard & Ceramic 
Refrigeration Machinery 
Road & Building Construction 
Rubber Mill 
Ship & Marine 
Shoe Machinery 
Smelting Plant 
Spray Painting Equipment 
alo R Steam Turbine 
ochester Philadelphia Newark Street, Elevated, & Subway Cars 


Symington-Gould Dodge Steel American Steel Textile Machinery 


Corporation Taceny, Ave. “L” & Edwards Valves, Fittings & Piping 


Genesee 101 Mayfair 1650 Market 3-5464 
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ing recrystallization. The degree 
of purity of “pure” lead and the 
particular elements 
impurities have a marked influ- 


CREEP OF LEAD 


present as 


ence on the creep rate above the 
(Continued from page 756) critical stress and on the per- 
centage of strain required to 
cause recrystallization under 
stress. The purer the lead, the 
smaller the deformation that will 
be required to cause recrystal- 


below their recrystallization tem- 
perature. 

Above the critical stress, pure 
lead and certain dilute alloys give 
a strain hardening type of curve 
lization. 

Up to 0.01% 


showing a marked deviation due 


to the increase of creep rate dur- bismuth and 


WANT BEST 
JOB 


MUST HAVE 
GOOD 


“THAT’S WHY | CALLED THE CITIES SERVICE 
LUBRICATION MAN IN” SAYS A. E. DAVEY, PRESIDENT 


OF ALLOY STEEL GEAR AND PINION COMPANY OF CHICAGO. 


All Gleason, Fellows Gear 
Shapers, Lee Bradner and 
Brown & Sharpe machines, 
are operated with Cities 
Service Lubricants. You, 
too, will find these high- 
quality fluids capable of 
i doing the kind of work 
your customers want. 


“I’m doing a job here that | 
must be perfect when it 

leaves the shop. The peo- 

ple who get the gears are 

plenty critical.”’ Mr. Davey 

says further, “I don’t know 

everything about oil. That 

is why I called in the Cities 

Service Lubrication man. 

I expect him to work with 

my men to see that they get the 
oil best suited for the job.” 


A. E. Davey 


Call us in for consultation — there 
is no charge for the service. Write 
us on your letterhead or mail the 
coupon for a copy of our booklet, 
““Metal Cutting Lubrication.” 


Much work in this shop must 
meet rigid government inspection. 


CITIES SERVICE OIL COMPANY 
Sixty Wall Tower, Room 1327, New York 


FREE Please send me a copy of your booklet, 
” 
Just clip Metal Cutting Lubrication 
and mail Name 


Address 
City State 
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wntimony had little effect. 
copper, zine, and silver pre- 
ciably increased the defor; " n 
necessary for recrystalli: 
Even 0.001% zine and silvo hag 
a marked effect. 

The addition of solute toms 
to lead causes a change from 
Type A to Type D curve, the Jat. 
tice being stabilized. There jg 
then no recrystallization during 
the test. If an alloy is cold 
worked and the work hardness js 
lost during the test, a continuous 
increase in creep rate is found - 
Type C curves. This type of 
curve is also associated in an 
undetermined manner with the 
presence of certain solute atoms. 
Type C curves are mere pro- 
nounced the lower the stress and 
the higher the concentration of 
the solute. 

The grain size of pure lead 
stressed above the critical stress, 
if between 0.5 and 5-mm. diam- 
eter, has little effect on the creep 
rate prior to recrystallization. 

Creep is complicated in many 
ways by the presence of solute 
atoms. For example, grain size, 
hardness, and work hardening 
capacity are all changed. Neither 
hardness nor work hardening 
capacity is a criterion of the 
behavior under prolonged stress, 
but rate of recovery after work 
hardening is sometimes an 
important factor. Another com- 
plexity arises from the mode ol 
distribution of the added element 

whether solid solution, eutec- 
tic, or as primary crystals eithe 
in the elementary or in the com- 
bined form. 

Two important problems 
must be further considered: (¢ 
The influence of solute concet- 
tration, and (b) the influence ©! 
degree of dispersion of a second 
Solute atoms may cause 
an increase or a decrease in the 


phase. 


creep rate above the cr:'ica! 
stress. 
Vibration markedly inc cases 


the creep rate of lead and « ‘uses 
recrystallization to take place 
after smaller amounts of 
mation. 
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FORGING EQUIPMENT 
ON THE BASIS OF 


} im rigid bed frame of AJAX Forging Machines with lib- 
erally proportioned metal scientifically distributed for 
maximum effectiveness is the very foundation for the pre- 
cision forging of which these machines are capable. 


Minimum bed frame length between die seat and crankshaft 
minim zes stretch and the large diameter lengthwise tie-rod 
| over the die slide way gives the moving die and stationary 
die equally good lengthwise support against tremendous 
heading or upsetting pressures. Continuous crankshaft hous- 


| ing dged by heavy horizontal crown rib, exclusive on 
AJA ~~ Machines, prevent crankshaft deflection and combine 
v0 flanged forgings to uniform thickness and accurate 
len se dimensions. 
Cr e rigidity necessary to prevent spreading of the 


manquerre EUCLID BRANCH P.O. | DEWART BULDING 


cf MANUFACTURING COMPANY 


SOLID STEEL BED FRAME 


0 AJ AX Air Clutch Forging 
\ achines is the FIRST ESSENTIAL 


PRECISION FORGING 


gripper dies and formation of flash, and to hold forgings 
within close concentricity and diameter tolerances is sup- 
plied by deep C-clamp transverse ribbing beneath the feed 
gap on machines up to the 5-inch size. On 6-inch machines 
and larger with their tremendous grip pressures and great 
die height, adequate additional rigidity is guaranteed by 
overhead transverse frame clamps introduced by AJAX ard 
installed in a manner to overcome any interference with 
die setting. 


Anvil-like frame rigidity, continuous crankshaft housings, 
lengthwise tie rod and the cross tie clamps of larger machines 
are factors which should weigh heavily in your selection of 
AJAX Forging Machines purely on the basis of mechanical 
soundness. Write for Bulletin 65A. 
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INSPECTION on a grand scale. Officers submit 
” reports periodically on the behav- 
ior of materials and machinery 
under the various conditions of 
This enables the tech- 


(Continued from page 709) 
to improve the performance of operation. 
the machinery and materials fur- nical bureaus to improve design, 
Here the 


specifications are written around 


nished to the Navy. select materials better suited for 
service, change material specifi- 
the exnerience of over a hundred cations and methods of inspec- 


years in the use of various mate- — tion or test, and keep the 


rials at sea. 
A most important aid is the 
fleet itself, which is a laboratory 


inspection service informed. 
Dependable material, free 
from injurious defects, is a neces- 
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SALT BATHS 


-for Heat Treatment of 
Aluminum Alloys, too! 


Modern salt bath treatment is not limited to steel. 
Aluminum alloy aircraft parts, for example, must 
be heat treated to distribute the alloying materials 
throughout the metal in their most effective form. 
The liquid salt bath is most suitable for this pur- 
pose. Residual salt on sheets or parts serves to hold 
the heat on thin sections between the bath and 
the quench, preventing precipitation of copper. 

DRAW TEMP FG was developed by Houghton for 
this particular purpose. It meets official specifica- 
tions, is pure, will not attack the surface’of the work. 
This, and other Houghton Heat Treating Salts, are 


described in the new booklet, ‘Defense Data from 
the Houghton LINE”. Write for your copy. 


E. F. HOUGHTON & CO. 


PHILADELPHIA e Detroit 


Chicago 


BATHS 


4 


TREATING 
REHEATING 


FOR CARBURIZING TEMPERING 
HIGH SPEED STEEL @ DRAWING 
@ NEUTRAL HARDENING e 


Metal Progress; Page 768 


sity for naval construction. [ere 


we are concerned with ite- 
rials for fighting ships a. dis. 


tinguished trom materia for 
ordinary commercial pur. 
although many are in cor mon 
both. 
demands are 


use by Naval shipping 


more rigid than 
those encountered in commercial 
practice for similar materials 
because they have to withstand 
much more severe service and 
additional loads and stresses due 
to rapid changes between low 
and full power, to temperature 
operating conditions, to working 
of ships in heavy seas, to vibra- 
tion shock by gunfire, torpedoes 
and aerial bombs, to unevenly 
applied torsional loads as in pro- 
peller and main machinery shaft- 
ing, to defects of lubrication on 
account of the pitching and roll- 
ing of the ship, and to corrosion 
and corrosion fatigue of metals 
exposed to salt water or salt- 
laden atmosphere. 

Casualties or breakdowns 
may not be serious to shore 
installations, where, by merely 
utilizing the telephone, replace- 
ments may be expected on short 
order. On a ship at sea, such 
prompt service cannot be ren- 
dered and certain types of mate- 
rial defects may lead to serious 
-asualties, endangering not only 
the lives of the operating person- 
nel, but also the ship itself. In 
the event of war the time for 
making replacement is a most 
precious and priceless thing. 

It must be remembered (ha! 
ships of the U. S. Navy rang 
from the arctic to the tropics. 
and must be prepared to operat: 
as efficiently with the tempera 
ture at 105° topside and possibly 
140° or 150° F. in the engine 
room, as when the temperatur 
is 20 below and ice has formed 


a cloak around the ship. This 
requires the finest of materials 
and the most careful inspection 
it is humanly possible to mak 
In addition to the fore oms 
military reasons for ins} n, 
the method of making © ¢r 


ment purchases and av 


(Continued on page 77 
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Do you know why 
one of America’s 
largest builders of 
self-contained hydraulic presses specifies steel 
castings for all major press parts, cylinder, 
platen, and bed? It is because steel castings do 
the job best! 

The H-P-M press illustrated here weighs 
700,000 pounds and has a pressure capacity of 
2000 tons. It is used to cut and form many 
different metal aircraft parts at a single pressing. 
Aircraft pute must be made interchangeable, 
therefore, precision press operation is required. 

H-P-M engineers say—‘‘We do not believe 
that any other material could possibly stand up 
as W as cast steel under the tremendous 
pressures and strains involved, still maintain 


precision alignment, give adequate rigidity 
and resist fatigue. 
“And certainly no other material or process 
would contribute so much saving of time, work 
and cost in building the press itself.”’ 
Whatever you make, look into steel castings 
when writing your specifications and planning 
your production. Steel castings bring you 
strength where you want it, without excess 
weight. They bring you a wide choice of me- 
chanical properties, ease of machining and 
finishing, combinations of parts that save 
handling and assembly time—all contributing 
toward a better finished product at lower cost. 
For more information, consult your local 
foundry, or write to Steel Founders’ Society of 
America, 920 Midland Bldg., Cleveland, Ohio. 


FOLLOW THE EXAMPLE OF THE MODERN PRESS BUILDER — MODERNIZE YOUR PRODUCT WITH 


| 


it. a. | 
re 
and STEEL CASTINGS 
rt 
ch 
— 
us 
ly 
n- 
In 
or 
al 
ite 
r 
ed 
LIS 
ils 4 
ng 
n, 
; 
f 


INSPECTION 


(Continued from page 768) 
contracts to the lowest respon- 
sible bidder renders it imperative 
to conduct the inspection at 
source of manufacture to 
make the necessary tests of prac- 
tically all contracted materials, 
of which there are several thou- 
sand varieties. 

Today most large industrial 


establishments have found it nec- 
essary, for efficiency and to pro- 
tect their financial interests, to 
maintain an inspection depart- 
ment of their own. Railroads, 
for instance, require inspection 
at source not only to avoid loss 
of life, but also to avoid heavy 
damage awards resulting from 
In contrast to former 
when the presence of a 
in a shop for 


law suits. 
days, 
Naval Inspector 
inspection purposes was looked 


WeRE’S THE END OF YOUR SEARCH FOR 


‘A PRODUCTION ELECTRIC FURNACE THAT CUTS 
MELTING COSTS AND ASSURES BETTER CASTINGS 


product quality. 


_ The DETROIT Furnace is a fast melting unit. ht produces @ large 
number of -heais large or small in rapid succession all day long. It 
is thereby very efficient—also flexible and adaptable to the “H 
needs for molten metal. The quality of the product is second to none. — 
| For close chemical and metallurgical control the DETROIT Furnace 


ditions. simply cannot be beaten. 


But don't take our word for these claime—find out for yoursell. Let 
_. us arrange for you to see a few of these furnaces in operation and . 
talk to their owners yourself. 


KUHLMAN ELECTRIC COMPANY. 


* BAY CITY MICHIGAN 
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upon with apprehension to 
be suffered only, he is w med 
today by manufactur: who 
have faith in their prod: | ang 
the knowledge that the i) ector 
is there to cooperate wit! they 


in producing satisfactory mate. 
rials. The inspector is an added 
protection to the honest many. 
facturer, since he requires 4|! 
who supply materials for the 
Navy to conform to the specifiea- 
tions on which the lowest respon- 
sible bid was based. This 
sometimes forces a less s rupu- 
lous contractor to throw up the 
contract after discovering that 
he must and will be required to 
furnish the material exactly in 
accordance with the 
tions on which he has bid, and 
will not be permitted to furnish 
a cheap and inferior material. Ip 
Bureaus are 


specifica- 


such cases the 
empowered by law to buy mate 
rial in the open market which 
conforms to the 
and to charge the manufacturer 
with the difference in price 
between the bid price and th 
market price. This seldom occurs 
twice to the same contractor: 
(perhaps because he is not per- 
mitted to bid again until he has 
shown his responsibility). 
There are many manulac- 
turers who give full cooperation 
to the Government whose 
products require a minimum 0! 
inspection as to quality, and wh 
are entirely dependable. Th 
products of these might actual) 
need no inspection, but the Gov- 
ernment is doing business with 
several thousands of manufac- 
many of whom are [ur 


specifications 


turers, 
nishing materials or services !0! 
the first time. Some few hav 
used questionable materials and 
methods. To be fair to all, ™ 
one can be excused from inspec 
tion of his products. The results 
of an error would be too grea 
and entirely unwarrante 
National Defense. The Navy mus 


be the final judge, as it °s the 
actual operating experic: and 
is more fully cognizant o owl 
needs than the manufac r. § 
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REG. U.S. PAT. OFF. 


LY-BLACK 


Trade Mark 


Deep Black Molybdenum-Nickel Electroplating 


Re now this sag electroplated finish = may be just what you 


need. en It's speedy — good deposits oe 4 in 10 to 40 minutes plating time. 


It's distinctive — a lustrous black which is both a decorative and protective 
coating. Use this finish y for automotive jm and building hardware, 
electrical fixtures, tools and art objects and many other 


metal BW pieces where finishing cost is of importance. 


With this fast process, oe a good Moly- 


in the usual nickel plating =i equip- 


Black plate 


can be 


obtained easily by experienced platers 


ment. The operating speed and moderate cost of applying Du Pont 


Moly - Black makes it particularly useful in these times. 

Let us give you more details. A request on your company 
letterhead or a call to our nearest district office will 
bring you a copy of our Moly-Black technical bulletin. 


OPLATING 1 puPONT DENEMOURS & COMPANY (INC.) 


_MICALS Electroplating Division 
me OCESSES | Wilmington. Delaware 


SALES CRICAGO, ILL. - NIAGARA FALLS, N. Y. - NEW YORK CITY 
S'RVICE CLEVELAND, OHIO - DETROIT, MICH. - EL MONTE, CALIF. 


OFFICES: 
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CAUSTIC 


EMBRITTLEMENT 


(Starts on page 696) 


by reaction of the steel with the 
highly concentrated alkali solu- 
tion found in the riveted joints or 
boiler seams. 

German engineers hold the 
steel responsible for the failures 
and insist that, to be satisfactory, 


the steel must be specially resist- 
ant to corrosion under the 
extreme conditions of tempera- 
ture and pressure it is called 
upon to withstand. Considera- 
tions of this kind led to the devel- 


opment of “IzZETT non-aging 


GUNS, TANK PARTS, SHELLS, 
ARMOR PLATE, GUN CARRIAGES, 
AIRPLANE PARTS mie 


CAR TYPE 
FURNACES 


Built by 
CONTINENTAL 


Show 


Unusual Uniformity of Heat Distribution. 
Close Control of Working Temperature. 
Lower than Normal Maintenance. 


Rapid Heating with Minimum Fuel Consump- 
tion. 


Call In Continental for 
Furnaces for: 


Heat Treating 
Normalizing 


Heavy Forging 
Stress Relieving 


Continental Furnaces are 
Available 
Indirect Fired 


Controlled Atmosphere 
Clean Annealing 


Direct Fired 
Recirculating 
Carburizer 


CONTINENTAL INDUSTRIAL ENGINEERS, INC. 
oe 201 N. WELLS ST., CHICAGO, ILL. 


3016 Parragut Rd. 


SIS6 Livernois Ave. 5244 Germantown Ave. 
Brooklyn 


Detroit Philadelphia 
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steel”, which was clain 


immune, but which fail th, 
same way as mild st vhe 
tested under America nd 
tions. 

It is by no means s! n by 
the evidence brought War, 


that intererystalline era 
dependent on susceptil 


aging embrittlement. 1 th 
other hand, it cannot be dep), 
that the primary cause o! aging 


that is, appreciable permanen 
deformation of the metal. 
present round most holes. Aging 
may be considered as a contrih 
tory factor to embrittlemen 
though its importance is prob 
ably not as great as once su 
posed. 

Descu considers the tern 
“caustic embrittlement” inco: 
rect, as the steel between th 
cracks is not necessarily brill) 
Cracking which occurs in certai 
chemical plant presents such 
close resemblance to the cracking 
of boilers as to suggest a simila 
origin. At least in most of th: 
course, the cracks follow th 
boundaries between the erysts 
grains. In this they differ fron 
fatigue cracks, which take by 
preference a path through th 
crystal grains, and from grooving 
caused by acid corrosion, whic! 
takes an irregular path, ind 
pendent of boundaries. 

A striking instance of crach- 
ing caused by nitrates occurred 
in 1917. In this failure there we 
no liquid present in quantity, ane 
the steel shells (used for dryins 
moist crystals of ammoniu! 
nitrate) were surrounded by 
jacket containing steam at on!) 
30 psi. pressure, so that there we 
no excessively high temperatur 
The cracks started trom rv 
holes. but usually ran 
versely across the shel! plates 
taking a markedly intererys\ 
line path, deflected here and th 
by numerous non-metallic ine! 
sions. The life of the vessels! 
been very short. They ! 
repeatedly cooled by 
charges of moist salt, 


(Continued on page 
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DEFENSE AND THE FUTURE... 


Copy of Letter to users of Products of 
The International Nickel Company, Inc. 


EXECUTIVE OFFICES: 6? WALL STREET 


PRESIDENT 


JS 7 
ROBERT C. ey. ev York April 17, 1941, 


Dear Sir: 


Our plants, in common 
units, are working at their peak 


berdship is being inflicted unon many consumers of our pr 


uilding a great business, en 
pend for our future succese, 


merica's industrial 
In spite of this, 
oducts who in the 
ad upon whom we must de- 


As this letter is written the 
Internetionel Nickel 
year; three times that of 1929 end four ti 
Its facilities have been increa 
ther increase in out 


monthly preduction rate of The 
mited is Slreedy 20% above last 
mes the peek rate of the lest wer, 


sed to supply current defense Gerand end fur- 
put will be availeble this year, 


Upon the conclusion of this deves 
your business era ours will depend in large m 


eesure upon the retention of the 
&0cod will of our customers, Any effort 


we cén reke, not conflicting with our ~~ 
full support of the defense p 


rogram, shoula be directed toward thi 


tating wer the future success of a 


ORL, 


importent objective, 


To this erd we wish to offer our services especislly to those cus. 
tomers whose requirements cannot for the moment be filled, One practicel mears 


of rendering such service is to offer you the essistence of oy 
in solving problems of materia) erising from th 


Our prob 
60lved through cooperation, As we see 


in making clear the situation which we face 
invalueble @ssistence, 


call from one of our representetives 
you in more Specific detail our mut 


© temporery leck of nickel, ‘ 


lems are complex and Constently changing and cen only be . 


@ lerge part of the solution lies 
+ Your help and edvice will be of 
It is our purpose to follow this lett 
» if you sB0 desire, 
ual problems, 


er with @ perscnal 
who will discuss with 


RCS: 


8 vitelly “4 


ur technicel starr nd 
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stress-raisers during the “breath- being studied. A_ few neral 


BRITTLEN  E 8 § ing” of the vessels. This illus- conclusicas may be dray 


trates the rapid action= of 1. Intererystalline cy cking 

ammonium nitrate on the inter- in steam boilers is alway asso. 

(Continued from page 780) crystalline boundaries in steel at ciated with a high alkalinity of 

perature then rising gradually, moderate temperature. the water. Where this is yu void. 

but any stresses so produced The contradictory nature of able, owing either to t} orig- 

must have been far below the the results obtained by different inally alkaline character of the 

vield point. The rapid failure investigators of caustic embrittle- water supply or to the softening 

may have been connected with ment is striking, and shows that process which has been ipplied 
the inclusions, indicating poor several factors are involved to a naturally hard water, the . 
quality; the metal probably which are difficult to keep con- proven method of protection is § 
opened up at these internal stant while a single factor is the maintenance of a ratio of syl- ‘ 


phate to alkali above a certain J 
value, depending on the working 


oAll orks 7 I) 2. The steel must be in a q 
condition of stress, either | 


through an external constraint 
(as in a riveted joint which has 
been forcibly bent) or by internal 
stress —as in a rivet or plate 
which has been subjected to a 
high riveting pressure. 


var 


ENGINEERING CO. : | 
SALEM, OHIO 


3. There must be opportu- 
nities for the concentration of @ 
the solution in capillary spaces, J 
as at riveted joints. A seamless 
drum presents no such cavities, 
and caustic cracking has not been 
observed in such drums. 

4. A high temperature must 
be reached. This, however, 
depends on the composition ol 
the solution. Cracking may occur 
at or near 100° C., or it may need 
a much higher temperature. It 
should be pointed out that tem- 
@ The parts shown above were cut in | peratures much in excess of the 
one eight-hour day on the DoAll. At | working temperature of the 
least five days would have been re- 
quired by drilling, shaping, milling and 


boiler may be reached in a riv- 
eted butt strap joint exposed to 


boring. 
the flame. 
The DoAll enables Gonda to make be 
5. The cracks are not to be 
8-HOUR JOB IN 1% HOURS excellent deliveries to their custom- tributed 
ill Fi id pi . ‘ atigue, 
icon ers; also releases the other machines attributed tO COrrosion 


slug is salvaged. for work more suited to them. has sometimes been maintained. 


. Corrosion fatigue may produce 
Today, every plant where metal is 6 yi 


used, needs the DoAll Contour Ma- cracks, but they usually pass 
chine to get work through on schedule. through the crystals and nol 
around them. The two kinds of 


defect may ordinarily be dis- 
tinguished by simple inspection, 
but a microscopic examina’ Is 


One of our factory trained 
20 HOURS WORK IN 6 HOURS men will call at your plant 
By former method of drilling, slot- to show vou what a DoAll 


ting, shaping and milling, these i 
parts would have taken 20 hours. can save for you. Don't 


GS delay—Write today! quite decisive. 
6. Both hydrogen and the 
CONTINENTAL MACHINES, INC. _... .,...| deposit of iron oxide fore od by 
1307 S. Washington Ave., Minneapolis, Minn. ond ochaieal dete the reaction play a part hes 
Associated with the DoAll Co., DesPlaines, Ill, Manufacturers dialed, process, but the mech 11s 
remains unexplained. 2 


of Band Saws and Band Files for DoAll Contour Machines. 
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